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ABSTRACT 
Assuming s p h e r i c a l symmetry, an approximate form of the c u r r e n t -
v o l t a g e r e l a t i o n s h i p has been d e r i v e d f o r a s i n g l e p o i n t and the 
con s t a n t s involved v e r i f i e d e x p e r i m e n t a l l y i n the l a b o r a t o r y , 
under c o n t r o l l e d c o n d i t i o n s * 
When a s i n g l e p o i n t was r e p l a c e d by a m u l t i p l e - p o i n t system 
the t o t a l p o i n t - d i s c h a r g e c u r r e n t through the l a t t e r was found 
to be a f u n c t i o n of the point s e p a r a t i o n and the c l e a r a n c e of 
the p o i n t s from the H.T. p l a t e . The c u r r e n t through a system of 
m u l t i p l e - p o i n t s of d i f f e r e n t s t a r t i n g v o l t a g e s obeyed an approximate 
cube law, l a t e r d e r i v e d t h e o r e t i c a l l y , s i m i l a r to the cas e of 
t r e e s and small p l a n t s . 
The f r a c t i o n of the po i n t - discharge c u r r e n t i n a l i v i n g t r e e 
bypassed through a low r e s i s t a n c e galvanometer has been found to 
i n c r e a s e w i t h t o t a l p o i n t - d i s c h a r g e c u r r e n t , because the impedance 
of the t r e e i n between the two el e d t r o d e s i n c r e a s e s and the 
rea c t a n c e of the bypassing c i r c u i t d e c r e a s e s . 
The r e s i s t a n c e of the t r e e was found to i n c r e a s e w i t h time a f t e r 
a p p l i c a t i o n of the vo l t a g e and a l s o to i n c r e a s e w i t h d e c r e a s i n g 
v o l t a g e when measurements were made of steady c u r r e n t s ; no such 
e f f e c t was observed w i t h instantaneous c u r r e n t s . 
The e f f e c t of the wind on the p o i n t - d i s c h a r g e c u r r e n t through 
a s i n g l e as w e l l as m u l t i p l e - p o i n t system has been s t u d i e d . The 
r e l a t i o n between the p o i n t - d i s c h a r g e c u r r e n t , p o i n t v o l t a g e and wind 
speed has been d e r i v e d e m p i r i c a l l y , using a method of m u l t i p l e 
r e g r e s s i o n a n a l y s i s . 
The q u a n t i t y of charge per p u l s e , as c a l c u l a t e d from the 
( v ) 
r a t i o of the average c u r r e n t and frequency of the p u l s e s , was 
always found to be g r e a t e r than t h a t c a l c u l a t e d by i n t e g r a t i n g 
the p u l s e over the time of decay. When a wind was a p p l i e d 
p a r a l l e l to the e l e c t r o n c u r r e n t , the q u a n t i t y of charge per 
p u l s e i n c r e a s e d l i n e a r l y a t f i r s t and then reached a 
s a t u r a t i o n stage; a v e r y high wind was however needed to get 
any n o t i c a b l e e f f e c t . 
CHAPTER 1 
1.1 The Importance of Poi n t - D i s c h a r g e i n Atmospheric E l e c t r i c i t y 
Atmospheric E l e c t r i c i t y i s concerned w i t h the study of the 
e l e c t r i c a l phenomenon of the atmosphere between two c o n c e n t r i c 
conducting s u r f a c e s , the n e g a t i v e l y charged e a r t h and the 
p o s i t i v e l y charged ionosphere, which formthe two p l a t e s of a 
s p h e r i c a l condenser, having as d i e l e c t r i c the poorly conducting 
atmosphere. 
During f i n e weather, t h e r e i s c u r r e n t of p o s i t i v e e l e c t r i c i t y 
coming to e a r t h , tending to n e u t r a l i z e i t s negative bound charge; 
c a l c u l a t i o n s shows t h a t t h i s conduction c u r r e n t would n e u t r a l i z e 
the bound charge i n a matter of a few minutes. On the other 
hand t h e r e i s no such l o s s of charge. So t h e r e must be other 
p r o c e s s e s b r i n g i n g negative charge to e a r t h . 
WILSON (1920) was t h e f i r s t to r e a l i s e t h a t the ne g a t i v e 
charge a r r i v i n g a t the e a r t h ' s s u r f a c e , i n r e g i o n s e x p e r i e n c i n g 
stormy weather, would compensate the p o s i t i v e charge a r r i v i n g 
i n r e g i o n s e x p e r i e n c i n g f i n e weather. 
There a r e f o u r main p r o c e s s e s by which charge can r e a c h 
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the e a r t h . 
(a ) Conduction C u r r e n t s 
(b) P o i n t - d i s c h a r g e C u r r e n t s 
( c ) P r e c i p i t a t i o n C u r r e n t s 
(d) L i g h t n i n g C u r r e n t s 
I n order t h a t the charge on the e a r t h should remain 
constant, i t i s e s s e n t i a l t h a t the e f f e c t s of these four 
p r o c e s s e s must c a n c e l one another out. S e v e r a l workers who 
made an e s t i m a t e f o r the whole of the e a r t h ' s s u r f a c e , found 
an e x c e s s of n e g a t i v e charge brought to e a r t h , and they were 
of the o p i n i o n t h a t t h i s n e u t r a l i z e d the e x c e s s of p o s i t i v e charge 
i n non-stormy r e g i o n s and d e s e r t s . 
WORMELL (1927) was the f i r s t to p o i n t out t h a t the p o i n t -
d i s c h a r g e i s an important f a c t o r i n the t r a n s f e r of charge from 
clouds to e a r t h i n d i s t u r b e d weather. S e v e r a l other people 
l i k e WHIPPLE and SCRASE (1936), CHIPLONKAR (1940) and CHALMERS 
and L I T T L E (1947) a l l r a i s e d a r t i f i c i a l metal p o i n t s i n the 
atmosphere to h e i g h t s of 8-12 metres, and measured the t o t a l 
charge brought to e a r t h over c o n s i d e r a b l e p e r i o d s of time. A l l 
r e s u l t s show an e x c e s s of negative charge to p o s i t i v e charge 
i n the r a t i o approximately 2 : 1 . From the t o t a l e x c e s s of 
charge and an e s t i m a t e of the number of e q u i v a l e n t p o i n t s per 
3 
square k i l o m e t e r , the t o t a l charge brought to e a r t h was 
computed. I t i s i n t h i s e x t r a p o l a t i o n from a s i n g l e a r t i f i c i a l 
p o i nt to the number of s i m i l a r p o i n t s per square k i l o m e t e r t h a t 
the d i f f i c u l t i e s and v a r i a t i o n s i n the assessments occur, a s 
i t i s now confirmed i n the present work t h a t t h e r e i s a great 
deal of d i f f e r e n c e between a s i n g l e p o i n t and m u l t i p l e a r t i f i c i a l 
p o i n t s and t h a t t h e r e i s a great deal of d i f f e r e n c e between th e s e 
and a s i n g l e t r e e or groups of t r e e s . Estimates, t h e r e f o r e , 
based on measurements made w i t h s i n g l e p o i n t s w i l l not be v e r y 
r e l i a b l e . 
SCHONLAND (1928) i n South A f r i c a , circumvented the d i f f i c u l t i e s 
of working w i t h a r t i f i c i a l p o i n t s by mounting a sm a l l t r e e , 
t y p i c a l of those i n the neighbourhood, on i n s u l a t o r s and measuring 
the flow of charge to e a r t h . His r e s u l t s gave a maximum p o i n t -
/• / 2 
disch a r g e c u r r e n t d e n s i t y of o.l6A/m , under the c e n t r e of an 
a c t i v e cloud, which i s c o n s i d e r a b l y higher than the 0£tl8A/m 
obtained a t Cambridge and the 0.012A/m2 a t Kew, because the t r e e 
used by him was more exposed and consequently a more e f f e c t i v e 
d i s c h a r g i n g element than the average t r e e i n the neighbourhood. 
S e v e r a l workers have made i n d i r e c t determinations of 
e f f e c t i v e s e p a r a t i o n of the d i s c h a r g i n g p o i n t s , a s an example, 
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SIMPSON (1949) from the measurements of r a i n c u r r e n t and 
SMITH (1951) from the p o t e n t i a l g r a d i e n t changes due to near 
l i g h t n i n g f l a s h e s . CHALMERS (1953) used a simple d i p o l e form 
f o r the thundercloud t o account f o r the p o t e n t i a l g r a d i e n t s a t 
the e a r t h ' s s u r f a c e and was able to deduce the e f f e c t i v e 
s e p a r a t i o n of p o i n t s . 
1.2 The Nature of Point-Discharge 
Consider an earthed pointed conductor, s i t u a t e d i n a 
p o s i t i v e e l e c t r i c f i e l d . When the f i e l d i s low, there i s a 
conduction c u r r e n t , c a r r i e d by ions produced mainly by r a d i o a c t i v e 
substances and by cosmic r a y s . I f the f i e l d i s s u f f i c i e n t l y 
strong, the l i n e s of f o r c e become concentrated a t the point 
and the f i e l d i s strong enough f o r an e l e c t r o n to gain s u f f i c i e n t 
energy to d i s r u p t the molecules w i t h which i t c o l l i d e s , and t h i s 
w i l l produce a f r e s h i o n and e l e c t r o n . The same pro c e s s may 
occur i n the next mean f r e e path and i t w i l l be seen t h a t the 
number of ions present can be c o n s i d e r a b l y m u l t i p l i e d , and i t i s 
even more so i f the i o n s of both s i g n s can produce i o n i s a t i o n 
by c o l l i s i o n s . 
I n a p o s i t i v e p o t e n t i a l g r a d i e n t the p o s i t i v e ions move 
i n t o the poi n t , forming the p o i n t - d i s c h a r g e c u r r e n t w h i l e the 
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n e g a t i v e ions move away from the p o i n t and form a space 
charge, which has the e f f e c t of reducing the p o t e n t i a l 
g r a d i e n t near the point, s i n c e the l i n e s of f o r c e end 
on t h e s e ions i n s t e a d of on the p o i n t . T h i s may continue 
u n t i l the p o t e n t i a l g r a d i e n t i s so much reduced t h a t 
i o n i s a t i o n by c o l l i s i o n s no longer occurs and the d i s c h a r g e 
c e a s e s . As the l a s t ions are moving o f f , the f i e l d a g a i n 
r i s e s to i t s o r i g i n a l high v a l u e and the whole process now 
r e p e a t i n g i t s e l f . T h i s shows t h a t under s u i t a b l e c o n d i t i o n s , 
the p o i n t - d i s c h a r g e occurs i n a s e r i e s of p u l s e s . These 
were f i r s t s t u d i e d by TRICHEL (1938) who found t h a t they 
occur v e r y r e g u l a r l y when the point i s the negative e l e c t r o d e . 
The process i s s i m i l a r when the p o i n t i s p o s i t i v e 
w i t h r e s p e c t to i t s surroundings, except t h a t when the 
p o t e n t i a l g r a d i e n t i s near onset p o t e n t i a l there a r e 
' i n d u c t i v e k i c k s ' w i t h sometimes small and i r r e g u l a r p u l s e s ; 
f o r h i g h e r p o t e n t i a l g r a d i e n t s the c u r r e n t becomes more steady. 
1.3 P o i n t Dishharge Current Down Tre e s 
Most of the r e s e a r c h work which has been c a r r i e d out 
on p o i n t d i s c h a r g e c u r r e n t s i n Atmospheric E l e c t r i c i t y has been 
concerned w i t h c u r r e n t s flowing down e l e v a t e d a r t i f i c i a l p o i n t s . 
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R e l a t i v e l y v e r y l i t t l e work seems to have been c a r r i e d out i n 
the i n v e s t i g a t i o n of point d i s c h a r g e c u r r e n t s down n a t u r a l 
o b j e c t s , e s p e c i a l l y t r e e s . 
SCHONLAND (1928), mounted a s m a l l t r e e , a thornbush 
about 12ft. high, on i n s u l a t o r s and measured the flow of 
c u r r e n t s to e a r t h by means of a galvanometer. H i s r e s u l t s 
suggest t h a t the c u r r e n t i s more n e a r l y p r o p o r t i o n a l to the 
cube of the f i e l d than to the square law u s u a l l y found f o r an 
a r t i f i c i a l ! . / p o i n t . 
KIRKMAN (1956) attempted, l a r g e l y u n s u c c e s s f u l l y , to 
measure c u r r e n t s down a lime t r e e , by us i n g two conducting 
bands and s h o r t i n g out the s e c t i o n of the trunk between them 
w i t h a low r e s i s t a n c e galvanometer. 
When po i n t d i s c h a r g e occurs, equal numbers of ions of 
both!, s i g n s a r e produced c l o s e to the p o i n t , those of the same 
s i g n as the p o t e n t i a l g r a d i e n t move i n t o the poi n t , w h i l e those 
,of the opposite s i g n move wi t h the wind and de c r e a s e the 
p o t e n t i a l g r a d i e n t to leeward of the p o i n t . MAUND & CHALMERS (1960) 
attempted to use t h i s method to measure, i n d i r e c t l y , the p o i n t -
d i s c h a r g e c u r r e n t down a t r e e . The r e s u l t s obtained showed t h a t 
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a sycamore t r e e i n f u l l l e a v e s g i v e s no measurable e f f e c t , 
even when the p o t e n t i a l g r a d i e n t reaches 5000V/m. But on 
the other hand f o r ash and poplar t r e e s , not i n l e a f , the 
disc h a r g e appears to commence a t about the same v a l u e of 
p o t e n t i a l g r a d i e n t as f o r a s i n g l e point of the same h e i g h t . 
MILNER & CHALMERS (l96l) bypassed through a low 
r e s i s t a n c e galvanometer, most of the c u r r e n t down a t r e e , 
by u s i n g l e a d s i n t o i t a t two d i f f e r e n t h e i g h t s . They a l s o 
made measurements on an a r t i f i c i a l p o int n e a r l y of about the 
same height as the t r e e and showed t h a t the c u r r e n t through 
a lime t r e e i s comparable w i t h t h a t through the po i n t but 
s t a r t s a t a higher p o t e n t i a l g r a d i e n t . Using the same s o r t 
of e l e c t r o d e system ETTE (1966(b)) found t h a t the bypassed 
c u r r e n t i s only a f r a c t i o n of the whole c u r r e n t through 
the t r e e , though t h i s f r a c t i o n was constant over a p e r i o d 
s u f f i c i e n t l y long f o r the arrangements to provide a u s e f u l 
measure f o r the p o i n t - d i s c h a r g e c u r r e n t i n i t . 
CHALMERS (1962(b)) found t h a t when the p o t e n t i a l 
g r a d i e n t i s v a r y i n g v e r y r a p i d l y , such a s a f t e r a c l o s e l i g h t n i n g 
s t r o k e , the c u r r e n t s through a t r e e and through a metal point 
do not correspond, i n s t e a d the t r e e appears to behave as a 
r e s i s t a n c e c a p a c i t a n c e element of time constant about 90 s e c . 
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CHALMERS (1964) and ETTE (1966a) found t h a t the t r e e i s 
not a s i n g l e r e s i s t a n c e - c a p a c i t a n c e element of one time -
const a n t but i n f a c t behaves s i m i l a r to t h a t of an anomalous 
d i e l e c t r i c having a s e r i e s of time - c o n s t a n t s , i n i t i a l l y of 
the order of seconds and then of the order of days* 
Ions produced a t t r e e s from point d i s c h a r g e have been 
detected as space charge by BENT, COLLIN, HUTCHINSON and 
CHALMERS (1965). 
I n a l l the measurements made so f a r , (except t h a t of 
MAUND & CHALMERS) where no c o m p l i c a t i o n a r i s e s due to displacement 
c u r r e n t s , no account was taken of the displacement c u r r e n t s 
which can be q u i t e a p p r e c i a b l e , during p e r i o d s of r a p i d l y changing 
p o t e n t i a l g r a d i e n t s such a s accompany l i g h t n i n g d i s c h a r g e s , on 
account of the l a r g e s u r f a c e a r e a of a t r e e , e s p e c i a l l y when 
i n l e a f . ETTE (l966d) d e r i v e d t h e o r e t i c a l l y the ' e f f e c t i v e 
a r e s ' , of t r e e s of simple shapes and hence found the magnitude 
of the displacement c u r r e n t s p i c k e d up by them during known 
p o t e n t i a l g r a d i e n t changes. He suggested t h a t the magnitude 
of the displacement c u r r e n t s could be as l a r g e a s the pure p o i n t -
d i s c h a r g e c u r r e n t and co u l d cause l a r g e e r r o r s i n the measurements 
of p o i n t - d i s c h a r g e c u r r e n t s i n l a r g e t r e e s through n e g l e c t i n g the 
displacement c u r r e n t s . 
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1*4 Point-Discharge C u r r e n t and the Number and S e p a r a t i o n of P o i n t s 
I t has long been r e c o g n i s e d t h a t the phenomenon of p o i n t -
d i s c h a r g e from t r e e s and othe r n a t u r a l and a r t i f i c i a l pointed 
o b j e c t s must form an important item i n the t r a n s f e r of 
e l e c t r i c i t y from clouds to e a r t h * 
The idea!:... of o b t a i n i n g the p o i n t - d i s c h a r g e c u r r e n t 
d e n s i t y from the c u r r e n t through a s i n g l e p o i n t and the 
estimated number of l i k e p o i n t s i n a given area, gave r i s e 
to a number of experiments w i t h m u l t i p l e point d i s c h a r g e r s * 
S e v e r a l workers, who t r i e d to compare the p o i n t - d i s c h a r g e 
c u r r e n t s from m u l t i p l e - p o i n t systems w i t h those from i s o l a t e d 
p o i n t s of h e i g h t s and dimensions s i m i l a r to those of the 
i n d i v i d u a l p o i n t s i n the systems, found a l t o g e t h e r c o n t r a d i c t o r y 
r e s u l t s . 
The apparent d i s c r e p a n c i e s i n the v a r i o u s measurements 
both i n the atmosphere and i n the l a b o r a t o r y have been l a r g e l y 
r e s o l v e d through the r e c e n t i n v e s t i g a t i o n s which have shown t h a t 
t h e r e i n general e x i s t s a ' c r i t i c a l ' v o l t a g e a t which the 
t o t a l p o i n t - d i s c h a r g e c u r r e n t from the m u l t i p l e p o i n t s equals 
t h a t from an i s o l a t e d p o i n t of s i m i l a r h e i ght and dimensions* 
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Below t h i s v o l t a g e the m u l t i p l e p o i n t system.- g i v e s l e s s c u r r e n t 
than the i s o l a t e d p o i n t ; w h i l e above i t the s i t u a t i o n i s r e v e r s e d . 
Moreover the s t a r t i n g v o l t a g e s of p o i n t s i n a m u l t i p l e point 
d i s c h a r g e r depend upon the r e l a t i v e s e p a r a t i o n between the 
p o i n t s to the c l e a r a n c e of the t i p s from the . upper H.X. p l a t e . 
1.5 C o n c l u s i o n 
P r e v i o u s i n v e s t i g a t o r s have shown t h a t the atmospheric 
p o i n t d i s c h a r g e c u r r e n t , e s p e c i a l l y through n a t u r a l p o i n t s i . e . 
t r e e s , i s a major c o n t r i b u t o r to the maintenance of the e a r t h ' s 
n e g a t i v e charge. 
When m u l t i p l e p o i n t s are s u b s t i t u t e d f o r a s i n g l e a r t i f i c i a l 
p o i n t , the c u r r e n t through the former depends upon the s e p a r a t i o n 
between the p o i n t s . Moreover the s t a r t i n g v o l t a g e s of p o i n t s 
i n a m u l t i p l e - p o i n t system i s a f u n c t i o n of both the c l e a r a n c e 
f o r each p o i n t as w e l l as the s e p a r a t i o n between the p o i n t s . 
For a t r e e , i t i s p o s s i b l e to s h o r t c i r c u i t a f r a c t i o n 
of the c u r r e n t flowing down i t by l e a d s i n t o i t a t two d i f f e r e n t 
l e v e l s but i n t h i s c a s e an account should be taken of the 
displacement c u r r e n t s e s p e c i a l l y f o r t r e e s of l a r g e s u r f a c e 
a r e a s , during p e r i o d s of r a p i d l y changing p o t e n t i a l g r a d i e n t s . 
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In spite of the various contributions by several workers, 
especially the recent ones by ETTE, very l i t t l e i s known 
about the complex phenomenon of point-discharge currents down 
trees. So the present investigations are intended as a 
further contribution to that study. 
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CHAPTER I I 
Measurements with a Single Point 
2.1 Introduction 
As the potential i s increased between a point and a plane 
gap, the lines of force become concentrated at the point and 
ionization by c o l l i s i o n takes place. This gives r i s e to point-
discharge currents, lying i n the order of a microampere at 
r e l a t i v e l y low potentials, frequently unsteady or fl u c t u a t i n g 
near onset or threshold potential* For small potential increases 
above threshold, the point-discharge current increases l i n e a r l y 
with p o t e n t i a l . This i s called the Ohms Law regime. With 
increase i n p o t e n t i a l , the discharge also generally becomes more 
stable and steady. At t h i s stage, depending upon pressure 
and the nature of the gas, luminosity of some form or other 
appears near the point. Thereafter the current increases somewhat 
faster than l i n e a r l y , approaching a parabolic increase with 
p o t e n t i a l . Depending on the gap, the current and potential can 
be increased by considerable margins u n t i l a point i s reached 
yielding a complete breakdown of the gap, to a transient arc 
through the medium of a spark with a b r i l l i a n t l y luminous channel 
at the higher pressure. The breakdown to a spark usually occurs 
at voltages from two to six times that f o r onset of the f i r s t glow 
and current. 
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Except at r e l a t i v e l y low pressures, the luminous 
manifestations at the point near threshold f o r low currents 
take on various characteristic shapes such as glows, multiple 
spots, haloes, coronas, brushes, streamers etc* In consequence, 
these luminous manifestations give to the phenomenon the general 
name coronas. I t comes from the French word COURONNE, l i t e r a l l y 
crown, which t y p i f i e s one of the various forms observed. 
In the laboratory measurements of point-discharge, i t i s 
generally accepted (see LOEB 1965) that the current from a point 
to a plane gapr obey a relationship of the form:-
I = AV (V-Vo) 
where A= a constant characteristic of the geometry of the point, 
i t s position i n the f i e l d and the ionic mobility. 
Vo= voltage at which the discharge s t a r t s , which i s primarily 
governed by the d i s t r i b u t i o n of e l e c t r i c f i e l d i n the immediate 
v i c i n i t y of the point, so i s dependent upon the radius and 
condition of the point. 
The investigations described i n t h i s chapter mainly deal 
with an approximate theoretical derivation of the above r e l a t i o n 
and i t s experimental v e r i f i c a t i o n . 
14 
2.2 Mathematical Derivation of I = AV(V-Vo) 
For co-axial c y l i n d r i c a l geometry TOWNSEND (1914) derived 
mathematically, a current-voltage r e l a t i o n of the form I = AV(V-Vo) 
where the symbols have the usual meanings. 
For a point-plane gap, the solution of t h i s problem 
is exceedingly tedious mathematically. LOEB et a l (1950) 
carried out the solution numerically f o r d i f f e r e n t r a t i o s of the 
length of the gap along the axis to the radius of the point. 
On c e r t a i n assumptions, CHALMERS (1962a) has derived an 
approximate r e l a t i o n of the above form i n the following way:-
We consider a region of constant p o t e n t i a l , into which 
i s inserted a point maintained at earth potential (without 
the inconvenience of conducting leads). The picture obviously 
has spherical symmetry once the leads are neglected. In 
addition, any recombination effec-d^which these ions become 
large ions with a consequent reduction i n mobility, are ignored. 
Let the surroundings be at a negative potential with respect 
to the point and a steady state i s reached, i n which s u f f i c i e n t 
ions leave the neighbourhood of the point to carry the current. 
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The times concerned are large compared with the lengths of 
Trichal pulses. 
Let us suppose that the f i e l d strength Xo needed f o r 
ionisation by c o l l i s i o n s i s reached everywhere w i t h i n a distance 
'a? from the point, so that the whole sphere of radius 'a* around 
the point i s p l e n t i f u l l y supplied with ions and can be considered 
to be at the same potential as the point i.e. at zero potential* 
Consider a sphere of radius r with centre at the point. 
Let X be f i e l d strength at i t s periphery. I f there are n positive 
ions per un i t volume each carrying a charge e, the current outward 
through the sphere i s (using M.K.S. units) 
I = 41i'r2newx ( l ) 
where w = mobility of positive ions. 
I n a steady state I i s the same f o r a l l such spheres* 
From Poisson's Law 
4Tfr 2ne = £ 4 < 4Tfr 2X) (2) dr 
Eliminating ne between ( l ) and (2) we get 
*t i ( A ) 
2 
Putting r «X = Y we get 
_ M 4<jrw& dv 
Y " ~~P o7 
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Upon integration, 
T 3 2 I r v__ 
12TFWC~ = 2 
2 
Putting the value of y = r X, we get 
- x 2 6 Tf w £, r 
Let K 2 = 1 
6 fw6 
2 2 X = K 
• .i • r 
or X = K- ( r ) " ^ (3) 
_ i 
Therefore X^  = K (b) 2 
= Field at distance b from the point 
= F 
The theory applies only to concentric spheres but by making 
certain approximations we can extrapolate the theory to apply 
to a point-plane system, having the point t i p situated at a 
distance b from the plane, 
.*• we can w r i t e 
F = K ( b ) ~ 2 (4) 
Now from (3) by integrating we get 
.b f -X dr = - K / ( r ) ~ 2 
or V = - 2K P 
dr 
a ( b f - a 2) 
Where V i s the voltage of the surroundings w i t h respect to the P 
point, which we shall c a l l as the point voltage, to distinguish 
17 
i t from the plate voltage denoted by V. 
I f we neglect 'a' with respect to 'b 1, we get 
V = - 2K b^ (5) P 
Eliminating *b' between (4) and (5)» we get 
V - Z2?L m Z S I 
p F 6'iT'w G F 
or I = - 3 ffw I FVp 
By assuming a <^ b, we have neglected the f a c t that there 
i s a minimum value of V below which no point-discharge occurs* 
Therefore, approximately, we can r e c t i f y t h i s by replacing 
by (V - V ). The negative sign s i g n i f y merely that there i s p op 
a positive current outward f o r negative potential difference 
outward. 
.*. I > 3?V£F (V - V ) P op 
H V 
N o w V p = V. - , p „ -
where V = Plate voltage i n v o l t s 
H = Height of the point i n metres 
D = Distance between the H.T. and earth plates i n metres. 
Therefore, I = 3"" W £ (- ) • V (V - Vo) 
D 
= A«V (V - Vo) (6) 
where A = 3 ft W £, (- ) 
D 
= 1.25 x 10" 1 4 ( - o ) D2 
CM CM 
15 
M 
LU 
St 8 tn in 
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Because £, = 8.85 x 10 -12 ' F/m , W = 1.5 x 10 
-4 M.K.S. units 
I f H = 5 x 10 -2 m, D = 10 x 10 m 
-14 then A = 6.25 x 10 
2.3 Experimental V e r i f i c a t i o n of I = AV (V-Vo) 
To verifly the above r e l a t i o n , a very simple form of 
apparatus was used. Various points of d i f f e r e n t diameters 
from 0.005 cm to 0.40 cm were used. The point-discharge was 
induced i n the point, by mounting i t i n an a r t i f i c i a l f i e l d 
between two p a r a l l e l plates, each about 65 cm i n diameter, spaced 
about 10 cm apart. The point-discharge current was measured with 
a galvanometer, as the potential of the upper plate was increased 
i n steps upto a maximum of about - 50 KV and then decreased i n the 
same steps to zero. In each case, the distance between the 
p a r a l l e l plates i.e. D = 10 cm and the height of the point 
i.e. H = 5.0 cm. Some of the results for positive potentials 
on the upper plate (negative points) are shown i n table (2.1). 
The results f o r the negative potentials are similar but the value 
of A i s always smaller and Vo greater. 
The f i g . (2.1) shows the graphs of l / y versus V and the 
table 2.2 shows the experimental values of A and Vo f o r d i f f e r e n t 
points. 
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Table (2.1) 
V (KV) 
Point-Discharge C, urrent in/*A f o r Different Points. 
I (0.005) I (0.030) I (0.035) I (O.156) I (0.249) I (0.394) 
50 143.92 134.93 128.50 118.22 115.65 113.08 
47.5 128.50 120.79 114.37 102.80 100.23 97.66 
45 114.37 106.66 102.80 92.52 87.38 82.24 
42.5 100.23 93.81 89.95 78.39 74.53 66.82 
40 87.38 82.24 78.39 68.11 61.68 51.40 
37-5 75.82 70.68 66.82 56.54 48.83 40.09 
35 64.25 61.68 56.54 47.55 38.55 29.30 
32.5 55.26 51.40 47.55 $8.55 29.04 20.05 
30 46.26 42.41 40.09 30.58 20.56 9.25 
27.5 37.78 34.18 32.25 23.39 13.11 
25 30.84 27.50 25.57 17.22 6.17 
22.5 24.16 21.33 19.53 11.82 
20 18.50 16.06 14.14 7.20 
17.5 13.36 11.05 9.38 3.19 
15 9.00 7.20 5.65 
12.5 5.65 4.11 2.98 
10 3.19 1.54 O.51 
7 I.03 
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Table (2.2) 
Theoretical A - 6.25 x 10 -14 
Point 
Steel needle 
Platinum wire 
Rough Steel Point 
Hemispherical 
steel point 
Diameter 
(cm) 
0.005 
0.030 
0.035 
0.156 
0.249 
0.394 
A x 10 14 
6.43 
6.21 
6.32 
6.67 
8.18 
9.60 
Vo x 10" 
5.6 
7.25 
9.0 
14.5 
21.7 
26.25 
The comparison of the results show quite c l e a r l y that 
the experimental values of A agree f a i r l y well with the corresponding 
theoretical value ( = 6.25 x 10 ^  ) with some s l i g h t increase f o r 
very thick points. 
The experiments were repated, using the same set of d i f f e r e n t 
diameter points, to f i n d out the v a r i a t i o n of A with the height . . H 
of the point. As a t y p i c a l case, the results f o r the steel 
needle of diameter 0.005 cm are shown i n the table (2.3)* The 
height of the point was varied from 2 cm to l8cm, keeping D constant 
equal to 20 cm. 
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The values of A and Vo were evaluated (as described above) 
fo r each height, from the graphs of I versus V and are shown 
V 
i n the table (2.4). Fig. (2.2) compares the graphs of 
experimental and theoretical values of A for d i f f e r e n t heights 
of the point. 
Table (2.4) 
H Vo Values of A 
(cm) (KV) Experimental Theoretical 
2.0 15.00 -14 0.35x10 
-14 
0.63x10 
3.0 10.75 0.55 0.94 
4.0 8.75 0.78 1.25 
5.0 7.00 0.97 1.56 
7.0 6.25 1.57 2.19 
10.0 5.50 2.86 3.12 
12.5 4.25 4.80 3.91 
15.0 4.00 9.41 4.69 
18.0 2.80 29.00 5.63 
For smaller heights, the experimental values of A 
are smaller than the corresponding theoretical values, but as 
H becomes roughly equal to D, both the values are equal. On 
2 
the other hand, f o r very large values of H, the experimental 
values are very much greater than the corresponding theoretical 
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values* The reason f o r these de-yi-^tions may be due to 
the fact that the assumption of spherical symmetry i s not 
v a l i d , as we move to either extreme* 
Fig. ( 2 * 3 ) shows the v a r i a t i o n of Vo versus H which i s 
quite i n agreement with the previous workers. 
F i n a l l y the experiment- .'. was repeated, to compare the 
value of A f o r positive and negative f i e l d s . Table ( 2 * 5 ) 
shows some of the results f o r a platinum point of diameter 
equal to 0 . 0 3 cm f o r H = 5 cm and D = 20 cm. The f i g . 
( 2 . 4 ) shows the graph of I versus V f o r both positive and negative 
V 
f i e l d s . The value of A i s greater f o r positive f i e l d s than 
f o r negative f i e l d s , i n agreement with the theory because the 
mobility of the negative ions i s greater than that of the 
positive ions. 
2 . 4 Conclusion 
Assuming the spherical symmetry, an approximate form of the 
current-voltage relationship i s derived. For H D, there 
2 
seems to be a f a i r l y good agreement between the theoretical and 
experimental results^ the value of A i s approximately independent 
of the diameter of the point (except f o r very large diameters) 
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Table ( 2 . 5 ) 
V(ICV) Point Discharge Current (/*A) 
+ Ve point - Ve point 
50 - 16 .83 
4 7 . 5 11.18 15 .03 
45 9.77 1 3 . I I 
4 2 . 5 8.61 11.57 
40 7 .45 10 .02 
3 7 . 5 6 .30 8.48 
35 5.14 7 .20 
3 2 . 5 4 . 2 4 5.91 
30 3.42 4 . 7 5 
2 7 . 5 2 . 6 2 3 .86 
25 1.95 2 . 9 3 
2 2 . 5 1.37 2 . 1 3 
20 0 . 8 5 1.46 
17 .5 0 .37 0 .89 
15 0 .36 
and increases rapidly f o r larger values of H, t h i s may be 
due to the divergence from the assumption of spherical 
symmetry. Moreover Vo increases as H decreases, i n agreement 
with the previous workers. 
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F i n a l l y the comparison of the values of A f o r +ve and -
ve f i e l d s shows that i t i s greater f o r the former because the 
mobility of negative ions i s more than that of the positive 
ions; the value of Vo i s smaller f o r positive f i e l d s than f o r 
negative f i e l d s . 
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CHAPTER I I I 
3.1 Measurements with Multiple Points 
Introduction 
I t has been pointed out i n Chapter I that the comparison 
of point-discharge currents from isol^ated points with those 
from multiple points of similar or a r b i t r a r y configurations 
have i n the past led to apparently contradictory conclusions. 
CHIPLONKAR (1940) used a group of four points, arranged 
i n a square, each about eight inches long and measured the 
point discharge currents and simultaneous potential gradients. 
He found that the t o t a l current through the four points was 
noticeably less than through the single/point i n the same 
potential gradient. On the other hand, SIVARAMAKRISHNAN (1957) 
found, under somewhat similar conditions, a greater current 
from four points than from one. 
CHALMERS & MAPLESON (1955) set up points above a 
captive balloon and found that eight points, arranged with 
seven i n a regular heptagon of side 15cm and the eighth at 
the centre, gave about half the current given by a single 
point, i n the same potential gradient and wind speed. Howefer, 
BELIN (19^8) i n the laboratory experiments used groups of seven 
and t h i r t e e n similar points i n an a r t i f i c i a l e l e c t r i c f i e l d 
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between two p a r a l l e l plates and found that, i n the same e l e c t r i c 
f i e l d , the multiple point system gave more current than an 
isolated point of the same height* 
ETTE (l ° - 6 6 e ) used a multiple point system of a r b i t r a r y 
configuration where the s t a r t i n g voltage has d i f f e r e n t values 
fo r d i f f e r e n t points and found that the s t a r t i n g voltage 
increases, as the points become closer, and that, f o r any 
one separation of points, there i n general exists a 'cross-
over* or ' c r i t i c a l * voltage, at which the t o t a l point-discharge 
current from the multiple-points equals that from an isolated 
point. Below t h i s voltage the multiple-point system gives 
less current than the isolated point; while above i t the 
si t u a t i o n i s reversed. He extended t h i s concept of cross-over 
voltage to the trees to disfuss t h e i r discharge e f f i c i e n c y 
i n the atmosphere, i n r e l a t i o n of metal points of comparable 
heights. 
ETTE (I966f) found both t h e o r e t i c a l l y and experimentally 
that the sta r t i n g voltages of points i n a two-point discharger 
increase l i n e a r l y with clearance f o r each point at fi x e d separations; 
while at fixed clearance an inverse r e l a t i o n exists between the 
star t i n g voltages and the separation f o r separations greater than 
LU 
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about lcin. On the other hand f o r separations below some 
c r i t i c a l value, determined by the clearance and the dimensions 
of the points, he found a general decrease i n s t a r t i n g voltage 
with decrease i n separation. F i n a l l y ETTE (1966c) studied the 
point-discharge pulses i n individual points i h a multiple 
point-discharger and found that each point preserves the 
magnitude of charge i n each Trichel pulse f o r various point 
separations; except at separations of the order of 0.1cm an 
increase i n charge per pulse was observed, which he a t t r i b u t e d 
to the mutual interaction between the points. 
So the aim of the present investigations i s to resolve some 
of the discrepancies i n the various measurements both i n the 
atmosphere and i n the laboratory and also to investigate the 
behaviour of the t o t a l point-discharge current i n a multiple 
point system where each point has d i f f e r e n t s t a r t i n g voltage. 
3 . 2 Apparatus 
The apparatus used was quite simple of the form shown 
in the f i g . ( 3 . 1 ) . From a 'Brandenberg (Type MR 50/R)• 
power supply a voltage upto about - 50 KV could be obtained. 
This was applied to a horizontal plate X, while a p a r a l l e l plate 
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Y, 12 cm away was connected to earth* Holes were d r i l l e d 
i n Y, so that the points could project through i t . These 
points were arranged i n form of a hexagon, with one point 
at the centre and the holes were d r i l l e d so that hexagonal 
arrangements of d i f f e r e n t sizes could be used. This 
hexagonal arrangement was used because the distances between 
any two adjacent points are always equal whatever be the size 
of the hexagon. 
The points used were a l l steel needles with sharp 
points of minimum radius 0.0035cm and they projected 2cm 
above Y. These needles were soldered to metallic rods, bent 
twice at r i g h t angles, i n opposite directions, the other ends 
of which were connected to the plate Z, and through a 
galvanometer to earth. By r o t a t i n g these rods along 
t h e i r f i x e d ends, the distance between the points was varied 
from about 0 .1 cm to 10cm. To reduce the corona discharge 
from the sharp edges of the plates X and Y, they were 
covered with a t h i n layer of p l a s t i c i n e , along t h e i r peripheries. 
3 . 3 . Results 
F i r s t the point-discharge current was measured through 
a single point, as the potential on the upper plate was increased 
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i n steps upto a maximum and then decreased i n the same steps 
to zero. The experiment was then repeated using seven points, 
arranged i n the form of a regular hexagon, with one point 
at the centre and the discharge currents were measured, as the 
size of the hexagon was varied from 0 .1 cm to 10 cm. Some 
of the results f o r positive potentials on the plate X (-ve points) 
are shown i n table (3«l) and f i g s ( 3 * 2 , 3 . 3 )• The results 
f o r the negative potentials are the same but the currents are 
always smaller. 
The most s t r i k i n g feature of these results i s that the 
r a t i o of the current through a single point to that through a 
group of seven points at a fixed separation i s not constant, 
but depends upon the applied f i e l d . Moreover f o r any one 
value of the separation between the points, i t i s possible to 
define a ' c r i t i c a l voltage 1 such that f o r t h i s applied 
voltage the current through the set of points i s the same as 
that through a single point and t h i s c r i t i c a l voltage decreases 
as the separation between the points i s increased (see F i g . 3 . 4 ) . 
In other words f o r smaller distances between the points, even 
fo r higher f i e l d s (below the c r i t i c a l voltage), the t o t a l 
current through the set of seven points i s always less than 
through an isolated single point, which agrees with what was 
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Table ( 3 * 1 ) 
Point-discharge Currents i n Microamperes 
V Single Point Seven Points f o r Separation (cm) 
(KV) 0.1 1.0 1 2 . 0 3 . 0 5 .0 1 10 .0 
45 18 .72 17.16 29.64 43 .68 53 .82 74 .88 113.88 
40 14 .82 12.48 23 .40 3 4 . 3 2 4 1 . 3 5 57 .72 87 .36 
38 12.48 10 .92 20 .28 31 .20 36 .66 50 .70 77 .27 
36 10 .92 9 .28 17 .94 2 6 . 8 3 31 .98 44.46 67 .86 
35 10 .14 8 .58 16 .38 2 5 . 7 4 30.42 42.12 62 .40 
34 9 . 4 4 7 .80 14 .82 23.40 28 .86 39 .00 58 .50 
32 8 .11 6.47 11 .54 20 .28 24 .96 33 .54 50 .70 
30 6 .86 5 .15 9 .36 17'. 16 21 .06 28 .86 42.90 
28 5 .77 4 .06 7 .57 14.04 17 .94 24.96 35 .88 
26 4 . 6 8 3.04 5 .93 11 .08 14.82 20 .28 29.64 
25 4 .21 2 .57 5 .15 9 .98 13 .26 17 .94 2 6 . 5 2 
24 3 .74 2 .26 4 . 5 2 8 .58 11 .70 16 .38 24 .18 
22 2 .96 I . 5 6 3 .28 6 .47 8 .97 12 .95 19 .50 
20 2 .11 O.89 1.95 4 . 6 8 6 .55 9 .98 14.04 
18 1.48 0 .33 0 . 8 6 2 .57 4 .37 6 .94 10.37 
16 0 . 8 2 0 . 0 5 0 . 2 3 1.33 2 .57 4 .29 7 . 2 5 
15 0 . 7 2 0 .03 0.1& 0 . 5 5 1.56 3 .12 5.46 
14 0.42 0 . 0 2 0 . 0 5 0 . 2 3 0 .86 2 .03 3 .90 
' 12 0 . 1 4 0 . 0 3 0 .06 0 .31 1.25 
10 0 . 0 5 
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observed by CHIPLONKAR (1940) and CHALMERS and MAPLESON ( 1 9 5 5 ) . 
On the other hand f o r greater distances between the points, the 
c r i t i c a l voltage i s very low, so even f o r lower f i e l d s (above 
the c r i t i c a l voltage), the multiple point-discharge current 
i s alttrays more than through a single point and agrees with 
what was observed by SIVARAMAKRISHNAN (1957) and BELIN - ( 1 9 4 8 ) . 
3 . 4 Discussion of Results 
In the laboratory investigations of point-discharge, i t 
has long been recognised that the current - voltage r e l a t i o n i s 
of the form 
I = AV (V - Vo) ( 1 ) 
where the symbols have the usual meanings. 
However, WHIPPLE and SCRASE ( 1 9 3 6 ) , while making 
measurements i n the natural conditions found a r e l a t i o n of the 
2 2 
form I = a (F - M ) which can be re-written as follows:-
I = B (V 2 - Vo 2) ( 2 ) 
On the other hand PEEK ( 1 9 2 9 ) , who measured corona discharge 
from high tension l i n e s , found the current to be proportional to 
(e - e Q) , where e i s the voltage on the l i n e . This can be 
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expressed as:-
I = C (V - Vo) 2 ( 3 ) 
Now the equations ( l ) , (2 ) and (3 ) are the same when 
V 7^ Vo but the difference arises when the above condition i s 
not s a t i s f i e d * However a simple test was performed to f i n d 
out which of these three equations i s the best f i t . They 
can be w r i t t e n i n the following forms. 
v - i ( -5- ) 
A v V-Vo' 
V . - ( ) - Vo 
B v V-Vo 
V = - ( — — ) + Vo 
C V-Vo 
I t i s quite clear the three equations have d i f f e r e n t 
intercepts but i n the present case i t i s found that the graph 
of V versus ( „*„— ) gives a straight l i n e , which passes v-vo 
through the o r i g i n . So the r e l a t i o n ( l ) seems to be the best 
f i t , which w i l l be used as the fundamental r e l a t i o n f o r further 
analysis. 
I 
Now i f we plot V against V f o r the single as well as the 
multiple points we get f a i r l y good straight l i n e s . I t seems 
that the multiple points also obey the relationship ( l ) . From 
the graphs, one can f i n d the values of A and Vo. (See Table 3 « 2 ) . 
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Table (3.2) 
-14 T h e o r e t i c a l A = 1.74 x 10 M.K.S. u n i t s 
EXPERIMENTAL VALUES OF A AND Vo SINGLE POINT 
-14 i A = 1.25 x 10 M.K.S.units Vo = 11.75 x 10 v o l t s 
MULTIPLE POINTS 
Separation 
(cm) Vo x 10"3 -~+l4 A x 10 
10 10.25 7.27 
5.0 10.50 4.90 
3.0 11.75 3.80 
2.0 13.0 3.20 
1.0 16.0 2.40 
0.1 16.75 1.33 
The most i n t e r e s t i n g f e a t u r e i s t h a t both the constants 
A and Vo depend upon the number and the separation between 
the p o i n t s . As the separation between the p o i n t s decreases, 
'A' decreases w h i l e Vo increases (see Fig.3*5). 
The r e s u l t s shew q u i t e c l e a r l y t h a t the e f f e c t on the t o t a l 
point-discharge c u r r e n t of having a number of p o i n t s r a t h e r than 
a s i n g l e p o i n t depends mainly on the separation of the p o i n t s . 
I f the p o i n t s are w i d e l y separated, they behave very much as 
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independent p o i n t s as can be seen from the f a c t t h a t seven 
p o i n t s at separations of 10 cm g i v e , together, about s i x 
times the c u r r e n t f o r a s i n g l e p o i n t and the value of 'A' i s 
also about s i x times t h a t f o r a s i n g l e p o i n t ; the value of Vo i s 
roughly equal t o t h a t f o r a s i n g l e p o i n t . On the other hand, 
when the p o i n t s are close together, they give much less c u r r e n t 
and tend t o behave as a s i n g l e p o i n t of greater diameter. The 
value of Vo i s more w h i l e the value of A i s roughly equal t o 
t h a t f o r a s i n g l e p o i n t . 
The f a c t t h a t the s t a r t i n g voltage i s greater when the 
po i n t s are close together i s q u i t e e a s i l y explained. For 
p o i n t discharge t o s t a r t , there must be i o n i s a t i o n by c o l l i s i o n s 
close t o the p o i n t , and t h i s r e q u i r e s a c e r t a i n value of the 
f i e l d s t r e n g t h i . e . a c e r t a i n c o n c e n t r a t i o n of the l i n e s of 
fo r c e near the p o i n t . For a s i n g l e p o i n t , t h i s c o n d i t i o n 
i s reached f o r a c e r t a i n voltage on the p l a t e X. I f other 
p o i n t s are placed near i t , then some of the l i n e s of fo r c e 
no longer reach the p o i n t i n question, and the c o n d i t i o n f o r the 
s t a r t i n g of the point-discharge i s not reached u n t i l the 
voltage on the p l a t e i s increased. 
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3.5 Results w i t h Five Points 
F i n a l l y the experiment was repeated using f i v e s t e e l 
p o i n t s of diameters equal t o 0.005, O.O89, 0.152, 0.249 
and 0.394 cm r e s p e c t i v e l y . A l l the p o i n t s had the same 
height equal t o 10 cm and they were f i x e d a t the corners 
o f a square of side equal t o 18.0 cm w i t h the f i f t h p o i n t 
a t the centre. 
The point-discharge was induced, by mounting them i n the 
same way, as mentioned before, i n the a r t i f i c i a l f i e l d between 
two p a r a l l e l plates, spaced about 27*5 cm apa r t ; each about 
65 cm i n diameter. A l l the p o i n t s were connected t o 
ea r t h through a galvanometer t o measure the t o t a l p o i n t 
discharge c u r r e n t and a t the same time they were arranged 
such t h a t the c u r r e n t through any one p o i n t could be measured 
a t any time through another galvanometer. The idea of t h i s 
was j u s t t o note the s t a r t i n g p o t e n t i a l s f o r the p o i n t s 
i n d i v i d u a l l y . 
The p o i n t discharge c u r r e n t was measured f o r v a r i o u s 
values of the p o t e n t i a l a t the upper p l a t e . Some of the 
r e s u l t s f o r p o s i t i v e p o t e n t i a l s are shown i n the t a b l e (3«3)» 
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Table (3.3) 
V (KV) I ( M ) V (KV) I (>*A) V(ICV) I ( A A ) 
50 60.65 36 21.07 20 3.60 
48 53-46 34 17.99 19 2.96 
46 46.26 32 15.03 17 1.98 
45 42.92 30 12.54 16 1.67 
44 39.84 28 9.77 14 1.18 
43 37.52 26 7.71 12 0.75 
42 34.95 25 7.04 10 0.42 
40 30.07 24 6.27 9 0.28 
38 25.44 22 4.88 7 0.06 
The a p p l i c a t i o n o f the same fundamental square law gives 
I 1 + I 2 + I , + I , + I _ 
v ( 1 2 3 4 5 ) ( 1 1 2 2 3 3 
+ft, V, +ft_V_J 
o r 
4 4 "5 5 
t ( A ) • V - ^H(AV) 
= 1 
Now the graph of £~ versus V gives 
~V 
f i v e segments (see f i g. 3 . 6 ) . The p o i n t where the segment 
s t a r t s , gives the s t a r t i n g p o t e n t i a l f o r the next discharging 
p o i n t coming i n t o a c t i o n . These values agree f a i r l y w e l l w i t h 
the corresponding experimental values. 
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F i n a l l y the f i g . (3«7) shows t h a t the t o t a l p o i n t -
discharge c u r r e n t through these f i v e p o i n t s , having d i f f e r e n t 
s t a r t i n g voltages, obey a cube law of the form: 
From the graph of V versus W V, one can f i n d the values 
of B and Vo e.g. 
This g r a p h i c a l value of Vo i s much smaller than the measured 
experimental value i . e . 6.25 x 10 v o l t s , may be because the 
number of p o i n t s t a k i n g p a r t i n the discharge are smaller than 
the ones u s u a l l y found i n a t r e e and also the r a t e of increase 
of s t a r t i n g v o ltage of the i n d i v i d u a l p o i n t s i s d i s c r e t e 
r a t h e r than continuous. 
•6 Conclusion 
Measurements made of the point-discharge c u r r e n t when a 
s i n g l e p o i n t i s replaced by a set of m u l t i p l e p o i n t s of s m i l a r 
c o n f i g u r a t i o n , showed t h a t there i n general e x i s t s a c r i t i c a l 
v o l t a g e , such t h a t f o r t h i s a p p l i e d voltage the t o t a l p o i n t -
I = | V(V - V o ) 2 
(For explanation of t h i s cube law, see Chapter IV . 5 ) . 
Ji 
B = 1.00 x 10 -18 Vo = 1.5 x 10 v o l t s 
39 
discharge c u r r e n t through the set of p o i n t s i s the same as t h a t 
through a s i n g l e p o i n t and t h i s c r i t i c a l voltage decreases as 
the separation between the p o i n t s i s increased. I n other 
words, the t o t a l point-discharge c u r r e n t through m u l t i p l e - p o i n t s 
depends upon the r e l a t i v e separation between the p o i n t s t o the 
clearance of the t i p s from the upper p l a t e . 
The a n a l y s i s of the r e s u l t s showed t h a t the c u r r e n t 
through a m u l t i p l e - p o i n t system of s i m i l a r c o n f i g u r a t i o n 
obeys the r e l a t i o n : 
I = AV (V - Vo) 
The constants A and Vo depend upon the number and separation 
between the p o i n t s because of the r e l a t i v e change i n the 
concentration of the l i n e s of f o r c e . 
The point-discharge c u r r e n t through a set of m u l t i p l e 
p o i n t s of d i f f e r e n t diameters, a t any time, depends upon the 
s t a r t i n g v oltage of the i n d i v i d u a l p o i n t s and i t obeys an 
approximate cubic law. 
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CHAPTER IV 
Measurements of Point-Discharge Current through Trees and Plants 
4.1 I n t r o d u c t i o n 
P o i n t discharge, or corona, c u r r e n t s probably play an 
important p a r t i n the atmospheric e l e c t r i c i t y , since i t i s b e l i e v e d 
t h a t the major p a r t of the t r a n s f e r of charge between thunderclouds 
and ground occurs by the agency of point-discharge c u r r e n t s through 
t r e e s and other n a t u r a l o b j e c t s . However, very l i t t l e work 
has been c a r r i e d out i n the i n v e s t i g a t i o n of point-discharge 
c u r r e n t s down n a t u r a l o b j e c t s e s p e c i a l l y t r e e s and the most 
of the research work was c a r r i e d out on cu r r e n t s f l o w i n g 
down elevated a r t i f i c i a l p o i n t s . 
There have been many attempts, since the pioneer work 
of WORMELL (1927), who measured the discharge c u r r e n t s through 
an a r t i f i c i a l p o i n t which he hoped would be about equivalent 
t o a t r e e , and then counted the t r e e s higher than h i s p o i n t 
i n a given area. 
SCHONLAND (1928) i n an attempt t o determine the charge 
brought down by a c o l l e c t i o n o f t r e e s , mounted a small t r e e , 
a thornbush about 12 f t high, on i n s u l a t o r s and succeeded i n 
measuring the point-discharge c u r r e n t through i t during a 
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thunderstorm. His r e s u l t s suggest t h a t the c u r r e n t i s 
more ne a r l y p r o p o r t i o n a l t o the cube of the f i e l d than t o 
square law, u s u a l l y found f o r an a r t i f i c i a l p o i n t . This 
method of i s o l a t i o n may y i e l d valuable r e s u l t s f o r f r e s h l y 
cut trees but i t i s t o t a l l y u n s u i t a b l e f o r measurements on a 
c o n t i n u i n g basis; and i n any case cannot e a s i l y be employed 
f o r l a r g e t r e e s which c o n s t i t u t e the main discharges i n 
the atmosphere. 
The aim of the experiments described i n t h i s chapter 
i s t o i n v e s t i g a t e the behaviour of point-discharge c u r r e n t down 
tre e s and small p l a n t s , and i f possible t o e s t a b l i s h some 
r e l a t i o n s h i p between the c u r r e n t and the f i e l d . 
4.2 Results w i t h a Single Wooden Point 
The apparatus used here was of the s i m i l a r type as 
described before. Various wooden p o i n t s (both dry as w e l l 
gs those made from a f r e s h l y cut branch of a t r e e ) of d i f f e r e n t 
diameters were t r i e d . 
The p o i n t was supported v e r t i c a l l y i n an a r t i f i c i a l f i e l d 
between two p a r a l l e l p l a t e s , spaced about 10 cm apart and the 
height of the p o i n t was 5«0 cm. The point-discharge c u r r e n t 
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was measured w i t h a galvanometer, as the p o t e n t i a l of the 
upper p l a t e was v a r i e d i n steps as described before. 
F i r s t l y a p o i n t was made from a piece of dry wood by 
sharpening one o f i t s ends t o a diameter of about 0.005 cm. 
No measurable c u r r e n t could be detected when the p o i n t was 
dry but as soon as t h i s p o i n t was put i n water f o r a few 
minutes a c u r r e n t of several micro-amperes was measured which 
s t a r t e d decaying and became almost zero a f t e r about 24 hours. 
Perhaps t h i s may be due t o the f a c t t h a t the p o i n t went dry 
a f t e r such a long time. 
Another p o i n t was made from a f r e s h l y cut branch of a 
t r e e of diameter of about 0.6 cm a t the t i p , by sharpening one 
i t s ends i n such a way t h a t only the c e n t r a l core was l e f t 
behind. A l l except the t i p of t h i s p o i n t was covered w i t h 
an i n s u l a t i n g tape, so t h a t the discharge should take place 
only a t the t i p , not any where else. I n . t h i s case again, no 
p o i n t discharge c u r r e n t was detected. This shows t h a t the 
c e n t r a l core of the p o i n t i s not a conductor. 
F i n a l l y the point-discharge c u r r e n t was measured through 
c y l i n d r i c a l p o i n t s , made out of a f r e s h l y cut branch of a t r e e . 
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The discharging end of the p o i n t was made as smooth as p o s s i b l e . 
On increasing the voltage t o a new value, the p o i n t discharge 
c u r r e n t increased and then began to decay; i t s e t t l e d down t o a 
f a i r l y steady value a f t e r about a few minutes. The readings 
of the point-discharge c u r r e n t were taken on the average of 
about quarter of an hour i n t e r v a l s , as the voltage on the 
upper p l a t e was increased i n steps. Some of the r e s u l t s .-
f o r p o s i t i v e p o t e n t i a l s on the upper p l a t e f o r two p o i n t s of 
diameters r e s p e c t i v e l y equal t o O.58 cm and 0.15 cm are shown 
i n the t a b l e (4.1). The r e s u l t s f o r negative p o t e n t i a l s are 
s i m i l a r but the c u r r e n t s were always smaller. 
Table (4.1) 
V Point Discharge Current i n ^ A f o r Diameter 
(ICV) O.58 cm 0.15 cm 
50 92.52 97.66 
47.5 79.67 87.38 
45 66.82 74.53 
42 .5 52.43 64.25 
40 41.63 51.40 
37.5 30.84 42.15 
35 22.10 32.38 
32.5 13.88 23.13 
30 8.22 14.39 
27.5 8.74 
25 2.57 
C\i 
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Now i f we t r y t o f i t the square law t o these r e s u l t s i . e . 
I = AV (V-Vo) 
we get f a i r l y good s t r a i g h t l i n e s by p l o t t i n g versus 
V (see F i g . 4 . l ) . The experimental value of A, as c a l c u l a t e d 
from the graphs, are of the same order of magnitude as 
-14 
evaluated t h e o r e t i c a l l y i . e . 6.25 x 10 (see Chapter I I ) . 
So the r e s u l t s can be summarized by saying t h a t a wooden 
p o i n t of t h i s k i n d behaves more or less l i k e a m e t a l l i c p o i n t . 
4.3 Results w i t h a Small Spruce Plant (Picea Pungens) 
A small spruce p l a n t of height about 60 cm was grown i n 
a pot. I t was mounted on t j u f n o l i n s u l a t o r s , i n an a r t i f i c i a l 
f i e l d between two h o r i z o n t a l metal p l a t e s , spaced about 35 
cm apart, i n such a way t h a t a l l of i t s branches could p r o j e c t 
about 17 cm above the earthed p l a t e , w i t h o u t touching i t . 
(see Fig.4 .2) . The pot was earthed through a galvanometer 
and the point-discharge c u r r e n t was measured, as the voltage 
of the upper p l a t e was increased i n steps upto a maximum of about 
- 50 KV and then decreased i n the same steps t o zero. 
As observed i n the case of a wooden p o i n t , the increase 
of the v o l t a g e t o a new value increased the p o i n t discharge c u r r e n t , 
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the l a t t e r began to decay and s e t t l e d down to a f a i r l y s t eady 
v a l u e a f t e r a few minutes. So the readings of the mean po i n t 
d i s c h a r g e c u r r e n t were taken on the average of about q u a r t e r 
of an hour i n t e r v a l s , as the v o l t a g e on the upper p l a t e was 
i n c r e a s e d i n steps* 
The experiment was done on a number of days, i n order to 
see whether the r e s u l t s were r e p r o d u c i b l e or not. Three s e t s 
of r e s u l t s w i t h an average i n t e r v a l of about a week between them, 
f o r the p o s i t i v e p o t e n t i a l s on the upper p l a t e , are shown i n 
the t a b l e (4.2). F i g . (4.3) shows t h a t the general t r e n d of 
the c u r v e s i s the same, w i t h some s l i g h t v a r i a t i o n s i n c u r r e n t s . 
The measurements were a l s o made of the point d i s c h a r g e 
c u r r e n t s through a metal p o i n t ( s t e e l needle of diameter equal 
to about 0.005 cm) of the same he i g h t ( i . e . 17«0 cm) as t h a t of 
the p l a n t , i n order to $ind out any c o r r e l a t i o n between the 
d i s c h a r g e c u r r e n t s through them. Fig.(4.3) shows t h a t a 
' c r i t i c a l v o l t a g e ' occurs a t about 37 or 38KV, s i m i l a r to the type 
observed f o r a m u l t i p l e p o i n t system ( s e e Chapter I I I ) , above 
which the p l a n t d i s c h a r g e s more e f f i c i e n t l y than the p o i n t . 
Nov/ i f we p l o t V v e r s u s V f o r any s e t of the r e s u l t s 
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Table (4.2) 
Point-Discharge c u r r e n t i n A A 
I T SPRUCE PLANT Metal P o i n t 
V ( K V ) Se t I Se t I I S e t I I I Diameter = 0.005 cm 
50 44.98 43.69 42.41 26.09 
47.5 39.06 37.01 34.18 23.26 
45 31.61 29.81 26.99 20.56 
42.5 24.93 23.39 21.85 18.25 
40 19.28 18.50 17.22 15.93 
37.5 14.39 14.14 12.85 13.88 
35 10.79 10.28 9.25 11.82 
32.5 8.22 7.45 6.73 10.02 
30 5.91 5.29 4.68 8.35 
27.5 4.21 3.75 3.24 6.81 
25 2.83 2.31 2.18 5.4-7 
22.5 1.80 1.59 1.34 4.21 
20 1.00 0.90 0.70 3.11 
17.5 O.36 O.38 0.26 2.11 
15 0.12 0.10 0.09't 1.31 
12.5 0.05 0.03 0.04 0.69 
10 0.04 0.02 0.03 0.23 
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we get a number of segments of the same form a s d e s c r i b e d 
i n Chapter I I I , meaning thereby more and more p o i n t s s t a r t 
d i s c h a r g i n g , as the vo l t a g e on the upper p l a t e i s i n c r e a s e d . 
Now l e t us assume t h a t the p l a n t i s d i s c h a r g i n g to obey 
a c u b i c law r a t h e r than a square law i . e . 
to be a f a i r l y good s t r a i g h t l i n e g i v i n g B = 1.12 i 10 . 
4.4. R e s u l t s w i t h T r e e s 
An aluminium p l a t e of s i z e about 5 f t . x 10 f t . and 
t h i c k n e s s of about 0.12 cm was cut i n t o the form of an o v a l 
shape. A f t e r smoothening i t s sharp edges, a t h i n l a y e r of 
p l a s t i c i n e was s t u c k along i t s periphery, to minimize the 
corona d i s c h a r g e . I t was then f i x e d to a wooden frame 
through a s e t of p o l y s t y r e n e i n s u l a t o r s , each of len g t h about 
6 inches ( s e e Fig.4.5)• The whole arrangement c o u l d be r a i s e d 
to any h e i g h t upto about 4.5 m w i t h the h e l p of a block and 
t a c k l e arrangement along a s e t of p o l e s about 6.0 m high ( s e e 
I = - V (V - Vo) 2 
F i g . (4.4) shows the graph of 
-18 
fig.5.1). 
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The p o t e n t i a l was a p p l i e d to the p l a t e w i t h the help 
of an i n s u l a t e d c a b l e about 50ft long, by running i t from the 
r e c o r d i n g room* T h i s i n s u l a t e d c a b l e was such t h a t i t could 
stand 50 KV and so i t was made from a;, h e a v i l y polythene 
i n s u l a t e d p l a i n copper core, covered by a s u b s t a n t i a l outer 
sheath of red P.V.C. s a f e upto 18 KV and was f u r t h e r passed 
through a polythene tube of diameter about 0.95 cm f o r e x t r a 
i n s u l a t i o n s . 
Thfcee s p e c i e s of t r e e s were grown i n p l a s t i c d u s t b i n s 
i . e . a Sycamore t r e e (Acer Pseudo-Platanus) of height about 
4m, a S c o t s Pine (Pinus S y l v e s t r i s ) of height about 2.6 m 
and a Cryptomeria Japonica of height about 2.5 m. 
The A l p l a t e was f i r s t r a i s e d to a h e i g h t of about 2.8m 
and the Stfiots P i n e t r e e was p l a c e d underneath i t . The p o i n t -
d i s c h a r g e c u r r e n t induced i n the t r e e was measured, on the 
average of about q u a r t e r of an hour i n t e r v a l s , by a galvanometer 
connected between the s t a i n l e s s s t e e l e l e c t r o d e ( f i x e d to the 
r o o t of the t r e e ) and e a r t h . No marked d i f f e r e n c e was observed 
when the s t e e l root e l e c t r o d e was r e p l a c e d e i t h e r by a s i m i l a r 
e l e c t r o d e stuck i n t o the trunk of the t r e e or j u s t dug i n t o 
the s o i l . 
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The measurements were a l s o made of the point discharge 
c u r r e n t through a metal point of the same he i g h t as t h a t of 
the t r e e . The experiments were f i n a l l y repeated f o r the 
other two t r e e s i . e . the Sycamore and Cryptomeria Japonica. 
Some of the r e s u l t s f o r the S c o t s Pine t r e e , w i t h the p o s i t i v e 
and n egative p o t e n t i a l s on the p l a t e , are shown i n f i g . (4.6). 
The r e s u l t s are s i m i l a r f o r the other two t r e e s . 
F i n a l l y the graph between \ V v e r s u s V g i v e s the s i m i l a r 
type of segments, as found f o r the p l a n t and the cube law 
g i v e s a f a i r l y good f i t to the r e s u l t s . 
4.5. D e r i v a t i o n of Cube Law f o r Tree 
CHALMERS ( p r i v a t e communications) has de r i v e d the cube law 
f o r t r e e i n the f o l l o w i n g way: 
Suppose t h a t the t r e e c o n s i s t s of a l a r g e number of p o i n t s , 
each of which gi v e s a c u r r e n t 
1/ 
B 
I = 2 V (V - Vo) 2 
i k = Alc V (V-V k) 
Suppose t h a t f o r each range of SV of V , t h e r e a r e 
p o i n t s 
Then the t o t a l c u r r e n t w i l l be 
V (V-V,.) d V 
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The l i m i t s f o r the i n t e g r a t i o n must be 
( l ) the point f o r which V, i s l e a s t , 
k 
Say Vo 
and ( 2 ) The v a l u e of V = V, s i n c e t h e r e i s no di s c h a r g e 
f o r p o i n t s w i t h g r e a t e r V^ 
P u t t i n g V = x 
I = j ^ 1^ V (V - x ) dx 
Vo 
Noi* suppose t h a t depends upon x, according to a 
simple law: 
A I = ) V BV (V - x ) dx 
Vo 
V 
= BV J ( V x ? - x * + 1 ) dx 
Vo 
. ,r p+1 p+2' .V f Vx x r 1 
» BV ( p + 1 " p + 2 ) V o 
( V p+2 V Vo P ~ V p ~ Vo \ 
V ( p + 1 ~ p + 1 " * p + 2 ) 
p + <2 
BV 
(p+1)(p+2) 
( V S + 2 - V V o P + 1 (p + 2) + V o P + 2 ( p + l ) 
I f we take the s p e c i a l c a s e of p = o 
( v 2 - 2Wo + Vo 2) 
X S u 
= I V (V - V o ) 2 
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g i v i n g the cube law* 
The c o n d i t i o n p = o, means t h a t n^ i s same f o r a l l v a l u e s 
of V , i . e . the e x t r a number of p o i n t s a t a given l e v e l i s 
j u s t balanced by the s m a l l e r c u r r e n t (A) per p o i n t . 
4.6. Co n c l u s i o n 
The measurements done on p o i n t s made from a f r e s h l y c u t 
branch of a t r e e show t h a t the point d i s c h a r g e c u r r e n t obeys 
a square law, s i m i l a r to the metal p o i n t s ; the p o i n t s made 
from dry wood e x h i b i t s no corona discharge and di s c h a r g e only 
when moisture i s pre s e n t . 
The measurement made on metal p o i n t s of the same he i g h t 
a s the t r e e s and p l a n t s shows t h a t t h e r e i n general e x i s t s a 
c r i t i c a l v o l t a g e , s i m i l a r t o the form found f o r m u l t i p l e p o i n t s , 
which i s s u b j e c t to u n p r e d i c t a b l e v a r i a t i o n s on account of the 
v a r i a t i o n s i n the f o l i a g e due to p h y s i o l o g i c a l f a c t o r s and 
atmospheric t u r b u l e n c e . 
F i n a l l y the p o i n t - d i s c h a r g e c u r r e n t through t r e e s 
and p l a n t s obeys a cube law of the form: 
I = | V(V - V o ) 2 
The measurements made on a number of days show t h a t the 
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r e s u l t s a r e f a i r l y r e p r o d u c i b l e • Moreover, an approximate 
t h e o r e t i c a l d e r i v a t i o n of the cube law shows t h a t i t can be \ 
used as a standard lav/ f o r making measurements i n the n a t u r a l 
c o n d i t i o n s , on a conti n u i n g b a s i s , and hence to e s t i m a t e the 
world-wide c o n t r i b u t i o n of the t o t a l p o i n t - d i s c h a r g e c u r r e n t 
brought to e a r t h i n a given p e r i o d by t r e e s and other n a t u r a l 
and e a r t h connected o b j e c t s which cannot be c o n v e n i e n t l y 
separated from the e a r t h . 
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CHAPTER V 
Measurements of E l e c t r o d e By-Passing E f f i c i e n c y 
5.1 I n t r o d u c t i o n 
I t i s g e n e r a l l y b e l i e v e d t h a t p o i n t - d i s c h a r g e c u r r e n t s 
from t r e e s and other n a t u r a l and a r t i f i c i a l pointed o b j e c t s 
p l a y a dominant r o l e i n the maintenance of the g l o b a l 
f a i r - w e a t h e r atmospheric e l e c t r i c i t y . 
I t i s a comparatively simple matter to s e t up an 
a r t i f i c i a l point and to measure the p o i n t - d i s c h a r g e c u r r e n t 
through i t i n d i s t u r b e d weather. But i t i s much l e s s simple 
to measure the p o i n t - d i s c h a r g e c u r r e n t s through l i v i n g 
t r e e s owing to the t e c h n i c a l problems involved i n i s o l a t i n g 
them from the e a r t h without k i l l i n g them. I t i s not p o s s i b l e 
e i t h e r to attempt to deduce the p o i n t - d i s c h a r g e c u r r e n t 
through a t r e e from t h a t jrhrough an a r t i f i c i a l p o i n t , s i n c e 
i t i s impossible to take i n t o account the e f f e c t s of t h e r e 
being a l a r g e number of p o i n t s c l o s e together. 
KIRKMAN (1956) attempted, l a r g e l y u n s u c c e s s f u l l y , to 
measure the p o i n t - d i s c h a r g e c u r r e n t flowing down a t r e e , by 
i n s e r t i n g b r a s s screws a t two d i f f e r e n t l e v e l s and connecting 
them to each other through a low r e s i s t a n c e galvanometer. 
54 
MILNER & CHALMERS (1961) r e p l a c e d the b r a s s screws by-
mercury c o n t a c t s ; two small h o l e s were d r i l l e d through the bark 
of a lime t r e e and g l a s s tubes were i n s e r t e d c o n t a i n i n g mercury 
so a s to make the contact i n t o the sap-wood* T h i s method 
should i n f a c t s h o r t - c i r c u i t most of the c u r r e n t through a 
low r e s i s t a n c e galvanometer i f the e l e c t r i c a l behaviour 
between the e l e c t r o d e s i s t h a t of a r e s i s t a n c e i n p a r a l l e l w i t h 
the c a p a c i t a n c e between the e l e c t r o d e s . 
ETTE (1966b) measured the f r a c t i o n of the p o i n t - d i s c h a r g e 
c u r r e n t i n a l i v i n g t r e e bypassed through a low r e s i s t a n c e 
galvanometer by using the same s o r t of experimental arrangement 
as d e s c r i b e d by MILNER & CHALMERS (l96l) and found t h a t t h i s 
f r a c t i o n i s small and independent of the t o t a l p o i n t - d i s c h a r g e 
c u r r e n t , though constant over a per i o d s u f f i c i e n t l y long f o r 
the arrangement to provide a u s e f u l measure f o r the p o i n t -
d i s c h a r g e c u r r e n t i n the t r e e * 
CHALMERS1 (1962b) r e s u l t s seem to point to the f a c t t h a t 
the bypassing arrangement does not provide a v a l i d measure of 
the p o i n t - d i s c h a r g e c u r r e n t i n t r e e s under c o n d i t i o n s of 
i n t e n s e atmospheric e l e c t r i c a l a c t i v i t y , such as p r e v a i l , 
during p e r i o d s of c l o s e l i g h t n i n g d i s c h a r g e s to e a r t h . 
FIGURE(5-1 ) 
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5.2 Experimental Arrangement 
The experimental arrangement was of the same form a s 
d e s c r i b e d i n Chapter IV. From a 'Brandenburg' power supply 
a v o l t a g e upto about - 50 KV could be a p p l i e d to an i n s u l a t e d 
p l a t e 5ft. x 10ft, which was r a i s e d to a height of about 
415 cm above the ground. A Sycamore t r e e of height of about 
4m, grown i n an i n s u l a t e d dustbin, was p l a c e d underneath i t 
( s e e fig.5>l)« The t o t a l p o i n t - d i s c h a r g e c u r r e n t induced i n 
the t r e e was measured w i t h a s e n s i t i v e galvanometer, connected 
between a s t a i n l e s s s t e e l e l e c t r o d e ( f i x e d to the r o o t of the 
t r e e ) and the e a r t h . Two more e l e c t r o d e s x and y were f i x e d 
i n the trunk of the t r e e a t a d i s t a n c e of about 145 cm a p a r t 
and were connected to each other through another galvanometer 
i n s e r i e s w i t h a v a r i a b l e r e s i s t a n c e (1000 Ohms to 2 Meg Ohms); 
R r e p r e s e n t s the t o t a l bypassing r e s i s t a n c e i n c l u d i n g t h a t of 
the galvanometer. 
The t o t a l p o i n t - d i s c h a r g e c u r r e n t I and the bypassed 
c u r r e n t i were noted, as the v o l t a g e on the i n s u l a t e d p l a t e was 
i n c r e a s e d i n steps upto the maximum and then decreased i n s i m i l a r 
s t e p to zero. At f i r s t both I and i were recorded p h o t o g r a p h i c a l l y 
on a slow s p i r a l drum camera. The time s c a l e on the r e c o r d i n g 
was provided by s w i t c h i n g o f f the galvanometer lamp and s w i t c h i n g 
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on a fogging lamp f o r two seconds every h a l f minute w i t h a timing 
c i r c u i t , the l a t t e r was simply a s e r i e s of r e l a y s operated 
every h a l f minute by p u l s e s d e r i v e d from an e l e c t r i c c l o c k . 
T h i s method was v e r y u s e f u l f o r r e c o r d i n g the instantaneous 
v a l u e s of I and i , j u s t a f t e r the change of v o l t a g e to a new 
v a l u e . 
On i n c r e a s i n g the v o l t a g e to a new value, both I and i 
i n c r e a s e d and then began to decay, I s e t t l e d down to a f a i r l y 
s t e ady new v a l u e a f t e r about a couple of minutes but i took 
about 20 to 30 minutes to r e a c h t h a t s t a g e . T h i s time was 
found to be l e s s when the bypassing r e s i s t a n c e R was i n c r e a s e d . 
On the other hand when the v o l t a g e was decreased from a h i g h e r 
v a l u e to some lower v a l u e , both I and i decreased and then 
began to i n c r e a s e , 1 s e t t l e d down a g a i n a f t e r a couple of 
minutes but i took about 20 to 30 minutes to do so. 
F i n a l l y to r e c o r d the steady v a l u e s of c u r r e n t , t h i s method 
of r e c o r d i n g p h o t o g r a p h i c a l l y was r e p l a c e d by a v i s u a l method 
of r e c o r d i n g because i t was found t h a t each o b s e r v a t i o n took 
about h a l f an hour to r e a c h a f a i r l y steady v a l u e , meaning 
thereby a l a r g e wastage of r e c o r d i n g paper. Two s e n s i t i v e 
galvanometers G and g, each of s e n s i t i v i t y equal to 0.0514 
57 
microampere p e r cm were used. I t was f o u n d fcery u s e f u l 
t o a p p l y t h e maximum v o l t a g e say 50 KV f o r about an hour o r 
so t o s t a r t w i t h and t h e n decrease i t i n s t e p s . Readings 
o f I and i were, t h e r e f o r e , t a k e n on t h e average a t about 
h a l f an hour i n t e r v a l s . 
5.3 The Tree E l e c t r o d e s 
Tiro t y p e s o f e l e c t r o d e s were used. 
( 1 ) Mercury E l e c t r o d e s 
These were o f t h e same t y p e as used by MILNER & CHALMERS 
( 1 9 6 1 ) . A h o l e was d r i l l e d i n t o t h e t r e e t r u n k t o a d e p t h 
o f about 2cra . A g l a s s t u b e was i n s e r t e d i n t o t h e h o l e and 
f i l l e d w i t h m ercury. A p l a t i n u m w i r e d i p p e d i n t o t h e mercury 
c o m p l e t e d t h e c o n t a c t . The g l a s s t u b e was s e a l e d o f f w i t h 
p u t t y t o p r e v e n t t h e mercury f r o m f l o w i n g away and b e i n g 
w a s t e d . Two o f t h e s e e l e c t r o d e s , one about 1 4 5 cm above t h e 
o t h e r were i n s e r t e d i n t o t h e Sycamore t r e e o f h e i g h t about 4m and 
d i a m e t e r a t t h e t r u n k a bout 4 . 5 cm. 
( 2 ) S t a i n l e s s S t e e l E l e c t r o d e s 
A s t a i n l e s s s t e e l s t r i p o f about 2£fowide was wrapped 
around t h e t r u n k o f t h e Sycamore t r e e . Four s t a i n l e s s s t e e l 
wood screws were d r i v e n t h r o u g h t h i s s t r i p i n t o t h e b a r k u n t i l 
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t h e y made t h e e l e c t r i c a l c o n t a c t w i t h t h e o u t e r c o n d u c t i n g 
l a y e r o f t h e sap-wood. A s i m i l a r arrangement about 145 cm above 
t h i s p r o v i d e d t h e o t h e r e l e c t r o d e , y. Two c o - a x i a l l e a d s 
c o n n e c t e d t h e s e bands x and y t o t h e galvanometer g i n t h e 
r e c o r d i n g room* 
As a s u b s i d i a r y e x p e r i m e n t a t h i r d s i m i l a r e l e c t r o d e 
Z was f i x e d 155 cm above t h e second band. 
The o b s e r v a t i o n s were t a k e n w i t h b o t h t h e e l d c t r o d e 
systems, a f t e r t h e y had been i n s e r t e d i n t o t h e t r e e f o r 
a b out a week o r so. 
Moreover t h e c o n t a c t p o t e n t i a l d i f f e r e n c e o r t h e 
r e s i d u a l c u r r e n t was f o u n d t o depend upon t h e a t m o s p h e r i c 
c o n d i t i o n s and t h e s t a t e o f t h e s o i l . On r a i n y days, i t was 
f o u n d t o be t h e maximum o f t h e o r d e r o f 4 o r 5 M i sometimes 
p o s i t i v e and a t o t h e r t i m e s n e g a t i v e . On f a i r l y d r y days, i t 
was f o u n d t o be t h e minimum, sometimes p r a c t i c a l l y z e r o . 
T h i s c o n t a c t p o t e n t i a l d i f f e r e n c e was f o u n d t o i n c r e a s e even 
a f t e r w a t e r i n g t h e t r e e . 
The r e s i s t a n c e o f t h e s e c t i o n o f t h e t r e e between t h e 
5 9 
b y p a s s i n g e l e c t r o d e s X and Y was o f t h e o r d e r o f 0*1 MegOhms 
and was f o u n d t o be dependent a g a i n on t h e season and o t h e r 
a t m o s p h e r i c c o n d i t i o n s . As d e s c r i b e d by KIRKMAN (1956), 
t h e r e s i s t a n c e was f o u n d t o decrease a f t e r r a i n f a l l , an e f f e c t 
w h i c h was a t t r i b u t e d t o t h e i n c r e a s e d d i s s o c i a t i o n o f t h e 
e l e c t r o l y t e (Sap e t c . ) w i t h i n c r e a s e o f d i l u t i o n . 
5.4 R e s u l t s w i t h A r t i f i c i a l F i e l d s ( D i r e c t Method) 
As d e s c r i b e d b e f o r e , on wet days t h e c o n t a c t p o t e n t i a l 
d i f f e r e n c e o r t h e r e s i d u a l c u r r e n t was f o u n d t o be as l a r g e 
as 4 o r 5 microamperes between t h e r o o t e l e c t r o d e and t h e 
e a r t h ( r e g i s t e r e d by G) and even more t h a n t h i s between t h e 
b y p a s s i n g e l e c t r o d e s X and Y ( r e g i s t e r e d by g ) . T y p i c a l 
d r y and q u i e t days were chosen t o do t h e e x p e r i m e n t when t h e 
r e s i d u a l c u r r e n t shown by G was t h e minimum o f t h e o r d e r o f 0.05M-A 
bu t t h e r e s i d u a l c u r r e n t r e g i s t e r e d by g was s t i l l l a r g e o f 
t h e o r d e r o f 4 microamperes i n some cases. B o t h t h e c u r r e n t s 
r e g i s t e r e d by ,;the g alvanometers G and g d u r i n g p o i n t - d i s c h a r g e 
i n c l u d e d t h e r e s i d u a l c u r r e n t s . So t o f i n d o u t t h e a c t u a l 
v a l u e s o f I and i , t h e r e s i d u a l c u r r e n t s were s u b r t r a c t e d f r o m 
t h e galvanometer r e a d i n g s . 
F i r s t o f a l l i n o r d e r t o make measurements o f t h e s t e a d y 
v a l u e s o f c u r r e n t , r e a d i n g s o f I and i were t a k e n on t h e average 
a. 
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in 
U 
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o f a bout h a l f an hour i n t e r v a l s , as t h e v o l t a g e on t h e 
i n s u l a t e d p l a t e was decreased i n s t e p s f o r b o t h t h e s e t s o f 
e l e c t r o d e system i . e . t h e mercury as w e l l as t h e s t a i n l e s s 
s t e e l . The r e s u l t s were s i m i l a r i n b o t h cases e x c e p t t h a t 
t h e r e s i d u a l c u r r e n t s were d i f f e r e n t . V a r i o u s s e t s o f r e s u l t s 
were t a k e n , as t h e r e s i s t a n c e R o f t h e b y p a s s i n g c i r c u i t was 
i n c r e a s e d f r o m about 1000 Ohms t o about 2 MegOhms. Some o f 
th e r e s u l t s f o r t h e p o s i t i v e p o t e n t i a l s on t h e i n s u l a t e d 
p l a t e , w i t h s t a i n l e s s s t e e l e l e c t r o d e s , a r e shown i n t h e 
t a b l e (5 .1) . The r e s u l t s f o r t h e n e g a t i v e p o t e n t i a l s were 
s i m i l a r b u t t h e c u r r e n t s were always s m a l l e r . 
— x 100 
Now l e t I i s e q u a l t o t h e p e r c e n t a g e e f f i c i e n c y 
o f t h e e l e c t r o d e s . F i g . (5*2) shows t h e c u r v e s o f t h e p e r c e n t a g e 
e f f i c i e n c y v e r s u s I , f o r v a r i o u s v a l u e s o f R. I t c l e a r l y shows 
t h a t as t h e t o t a l p o i n t - d i s c h a r g e c u r r e n t I i n c r e a s e s , t h e 
pe r c e n t a g e e f f i c i e n c y i n c r e a s e s l i n e a r l y a t f i r s t and t h e n 
reaches a s a t u r a t i o n v a l u e a t l a r g e r v a l u e s o f I , i n c o n t r a d i c t i o n 
t o ETTE's (1966b) r e s u l t s , who f o u n d t h e e f f i c i e n c y t o be 
c o n s t a n t o v e r a wi d e range o f I . T h i s d i s c r e p a n c y may be 
due t o t h e f a c t t h a t he made measurements o n l y u p t o about 
15 - 20 /A.A. 
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T a b l e (5*1) 
P o i n t - d i s c h a r g e c u r r e n t s i n A A f o r R 
V 
(ICV) 
1000 Ohms 0.15 Megohms 2 Megohms 
50 
47.5 
45 
42.5 
4 0 
37.5 
35 
32.5 
30 
27.5 
25 
22.5 
20 
17.5 
15 
12 
R e s i d u a l 
C u r r e n t 
( AX. A) 
275.04 
226.21 
183.81 
149.11 
118.27 
92.57 
72.01 
54.02 
41 .17 
28.32 
20.10 
13.16 
7.76 
3.34 
1.49 
0.35 
-O.05 
243.64 
194.91 
153.69 
120.28 
92.01 
66.31 
48 .32 
32.90 
21.59 
11.82 
6.58 
3.96 
1.80 
0.77 
O.26 
0 
-4.63 
167.12 
136.28 
110.58 
87.45 
66.89 
51.47 
37.34 
2$. £0 
18.58 
14.72 
10.87 
7.52 
4.18 
0.53 
-0.07 
52.43 
42 .15 
32 .64 
24.42 
17.99 
12 .08 
7.97 
4.75 
2 . 3 6 
2 . 0 6 
1.31 
0 . 6 4 
0.31 
0.10 
215.94 
182.53 
151.69 
120.85 
97.72 
77.16 
59.17 
42.17 
27.82 
17.54 
11.63 
7.51 
4.43 
1.60 
2.74 
2.17 
1.69 
1.22 
0.92 
0.63 
0.43 
0.29 
0.18 
0.10 
0.06 
0.04 
0.02 
0.005 
-0.06 -0.01 
in CO 
in 
s 
2 " 
• f in 
.8 
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F i n a l l y t o measure t h e i n s t a n t a n e o u s v a l u e s o f I and i , 
jthe method o f p h o t o g r a p h i c r e c o r d i n g was used. Each o b s e r v a t i o n 
was t a k e n on t h e average f o r about a c o u p l e o f m i n u t e s , as t h e 
v o l t a g e on t h e i n s u l a t e d p l a t e was i n c r e a s e d i n s t e p s and t h e n 
decreased i n s i m i l a r s t e p s t o z e r o . Some o f t h e r e s u l t s f o r 
t h e p o s i t i v e p o t e n t i a l s on t h e p l a t e , w i t h s t a i n l e s s s t e e l 
e l e c t r o d e s , a r e shown i n t h e f i g . (5 .3) . The r e s u l t s a r e 
s i m i l a r f o r t h e n e g a t i v e p o t e n t i a l s as w e l l as f o r t h e mercury 
e l e c t r o d e s . 
A c l o s e e x a m i n a t i o n o f t h e f i g . (3*3) shows t h a t t h e 
e f f i c i e n c y i s more o r l e s s constant- u p t o about 20 microamperes i n 
agreement w i t h ETTE's (1966b) r e s u l t s , who made measurements o n l y 
u p t o about 15 microampere b u t i t c e r t a i n l y i n c r e a s e s a t h i g h e r 
v a l u e s o f I , i n t h e same way as f o r t h e s t e a d y c u r r e n t . 
5.5. R e s u l t s w i t h C o n s t a n t D.C. V o l t a g e ( i n d i r e c t Method) 
A c o n s t a n t D.C. v o l t a g e was a p p l i e d between t h e r o o t 
e l e c t r o d e and t h e e l e c t r o d e Z, w h i c h was f i x e d i n t h e t o p most 
b r a n c h o f t h e sycamore t r e e - a s e a t o f p o i n t - d i s c h a r g e c u r r e n t i n 
t h e t r e e . The c u r r e n t d i s t r i b u t i o n i n t h e t r e e i n t h e 
n e i g h b o u r h o o d o f t h e b y p a s s i n g e l e c t r o d e s s h o u l d n o t d i f f e r 
v a s t l y f r o m t h a t o f t h e a c t u a l p o i n t - d i s c h a r g e c u r r e n t e x c e p t t h a t 
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i n t h e l a t t e r case, i t c o n s i s t s o f random p u l s e s . The 
c o n s t a n t D.C. v o l t a g e u p t o about 200 v o l t s c o u l d be o b t a i n e d 
f r o m a FARNELL power s u p p l y . The r e s t o f t h e a p p a r a t u s was 
o f t h e same f o r m as d e s c r i b e d b e f o r e . 
I n t h i s case a g a i n , as t h e v o l t a g e was i n c r e a s e d t o a 
new v a l u e , b o t h I and i i n c r e a s e d , and t h e n began t o decay 
r a p i d l y a t f i r s t and more s l o w l y a f t e r w a r d s , s e t t l i n g down t o 
a r e a s o n a b l e s t e a d y new v a l u e a f t e r about h a l f an hour, though a 
f u r t h e r decrease was n o t i c e d w h i c h was c o m p a r a t i v e l y s m a l l and 
c o u l d be n e g l e c t e d f o r t h e p r e s e n t e x p e r i m e n t . The t i m e t o 
r e a c h t h e s t e a d y v a l u e f o r h i g h e r v o l t a g e s was much s m a l l e r 
t h a n t h a t f o r low v o l t a g e s . 
So i t was r e a s o n a b l y a c c u r a t e t o t a k e r e a d i n g s o f I and i , 
on t h e average o f about h a l f an hour i n t e r v a l s , as t h e a p p l i e d 
v o l t a g e was i n c r e a s e d i n s t e p s t o t h e maximum and t h e n decreased 
i n s i m i l a r s t e p s t o z e r o . The r e s u l t s were a g a i n s i m i l a r f o r 
b o t h t h e s e t s o f e l e c t r o d e s i . e . mercury as w e l l as s t a i n l e s s 
s t e e l ; no marked d i f f e r e n c e was f o u n d when t h e d i r e c t i o n o f 
t h e a p p l i e d v o l t a g e was r e v e r s e d . Sometimes f a i r l y h i g h v a l u e s 
o f r e s i d u a l c u r r e n t s were n o t i c e d i n b o t h G and g, so t h e f i n a l 
v a l u e s o f I and i , were f o u n d by s u b s t r a c t i n g t h e r e s i d u a l c u r r e n t s 
f r o m t h e galvanometer r e a d i n g s . 
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T a b l e (5.2) 
V o l t s I ( A>-A) i (/*-A) j x 100 
1.0 0.81 0.11 13.58 
2.0 1.73 0.34 19.65 
3.0 2.79 0.59 21.15 
4.0 4.15 1.05 25.30 
5.0 5.18 1.59 30.69 
7-5 8.77 3.57 40 .71 
10 12.63 6.09 48 .22 
12.5 16.48 8.91 54.07 
15.0 20.34 12.00 59.00 
20 28.82 19.45 67.49 
25 36.79 26.90 73.12 
30 46 .04 35.90 77.98 
50 79.45 66 .74 84.00 
100 161.69 145.12 89.75 
150 243.93 223.51 91.63 
200 318.46 298.04 93.59 
R e s i d u a l 
C u r r e n t + 0.22 +0 .08 
Some o f t h e r e s u l t s f o r t h e s t a i n l e s s s t e e l e l e c t r o d e s 
a r e shown i n t h e t a b l e 1)5.2) T y p i c a l c u r v e o f t h e p e r c e n t a g e 
e f f i c i e n c y v e r s u s I i s more o r l e s s s i m i l a r t o t h e one f o u n d 
fofc t h e p o i n t - d i s c h a r g e i n an a r t i f i c i a l f i e l d . 
y , ft* 
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5«6. Measurement o f t h e Impedance o f t h e Tree 
An e a r t h e d p l a t e B o f about 3ft . x 3ft . was f i x e d w i t h t h e 
h e l p o f i n s u l a t e d s t r i n g s about 37*5 cm below t h e i n s u l a t e d p l a t e 
A. . A s t a i n l e s s s t e e l w i r e o f d i a m e t e r e q u a l t o 0*35 cm was f i x e d 
i n t o t h e t r e e t o p i n p l a c e o f t h e e l e c t r o d e Z, t h e o t h e r end o f 
w h i c h was s o l d e r e d t o a p l a t i n u m w i r e o f d i a m e t e r e q u a l t o 0.12 cm 
w h i c h p r o j e c t e d a bout 23.5 cm above t h e e a r t h e d p l a t e B w i t h o u t 
t o u c h i n g i t (see f i g . 5*4). The h e i g h t o f t h e p l a t e s above t h e 
ground was a d j u s t e d , so as n o t t o t o u c h any o f t h e branches o f 
t h e t r e e . 
The p o i n t - d i s c h a r g e was i n d u c e d i n t h e p l a t i n u m w i r e , i n s t e a d 
o f t h e t r e e , i n t h e f o r m o f f a i r l y r e g u l a r p u l s e s and was 
measured w i t h t h e g a l v a n o m e t e r s G and g, as d e s c r i b e d b e f o r e . 
L e t P m Impedance o f t h e t r e e i n between t h e b y p a s s i n g e l e c t r o d e s 
X and Y. 
R = R e s i s t a n c e o f t h e b y p a s s i n g c i r c u i t 
Q = Reactance due t o t h e c a p a c i t a n c e s o f t h e b y p a s s i n g e l e c t r o d e s . 
T h e r e f o r e we can w r i t e 
P ( I - i ) -= (Q + R) i 
o r R = P (t* - 1) - Q i 
A c e r t a i n c o n s t a n t v o l t a g e i s a p p l i e d t o t h e p l a t e 'A' f o r 
I I 
6 * 
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about an hou r o r so t i l l b o t h I and i become f a i r l y c o n s t a n t * 
Now i n c r e a s e R, n o t e t h e v a l u e o f i , k e e p i n g I c o n s t a n t * 
V a r i o u s v a l u e s o f i were t a k e n , as R v a r i e d i n s t e p s f r o m 
100 Ohms t o 1 megohm. The e x p e r i m e n t was r e p e a t e d f o r 
d i f f e r e n t v o l t a g e s on t h e p l a t e A. Some o f t h e r e s u l t s f o r 
p o s i t i v e p o t e n t i a l s on t h e p l a t e A a r e shown i n t a b l e (5*3)• 
T a b l e (5*3) 
R By-pass c u r r e n t i i n M A f o r 
(M.Ohms) I = 11.18 16.96 23.90 33.41 43.69 56.54 
1.29 2.88 6.43 18.62 22.62 33.92 
0.1 0.90 2.00 4.01 7.71 12.08 17.73 
0.2 0.6? 1.49 2.83 5 . 4 0 8 . 4 8 12.08 
0.3 0.59 1.23 2.31 4.24 6.68 9.25 
0.4 0.52 1.05 1.95 3.52 5.40 7.71 
0.5 0 . 4 6 0.95 1.72 3.03 4.63 6.68 
0.6 0 . 4 1 0.85 1.54 2.67 4.11 5.65 
0.7 0.38 0.77 1.36 2.39 3.60 5 . 1 4 
0.8 0.34 0.69 1.26 2.16 3.21 4.63 
0.9 0.32 O.63 1.13 1.98 2.93 4 . 1 1 
1.0 0.29 0.59 1.05 1.80 2.72 3.73 
Now t h e graphs o f R v e r s u s Cr - l ) a r e shown f i g (5*5) 
f o r v a r i o u s v a l u e s o f I , w h i c h are f a i r l y good s t r a i g h t l i n e s . 
The s l o p e o f t h e g r a p h g i v e s t h e v a l u e o f P w h i l e t h e i n t e r c e p t 
g i v e s Q. 
ft 
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I t i s q u i t e c l e a r t h a t t h e i n c r e a s e o f t h e v o l t a g e 
( o r I ) i n c r e a s e s P and decreases Q o r i n o t h e r words more o f 
t h e c u r r e n t w i l l be bypassed a t h i g h e r p o i n t - d i s c h a r g e c u r r e n t s . 
F i n a l l y i f we p l o t t h e p e r c e n t a g e e f f i c i e n c y i . e . x 100) 
v e r s u s I , we g e t a g r a p h o f t h e same f o r m as d e s c r i b e d b e f o r e 
i . e . as I i n c r e a s e s , t h e e f f i c i e n c y i n c r e a s e s l i n e a r l y a t f i r s t 
and t h e n reaches a s a t u r a t i o n v a l u e a t l a r g e r v a l u e s o f I . 
L a s t o f a l l t h e e x p e r i m e n t was r e p e a t e d by a p p l y i n g a 
c o n s t a n t D.C. v o l t a g e , f r o m a F a r n e l l Power Supply, between 
t h e e l e c t r o d e Z and t h e r o o t e l e c t r o d e , i n p^ace o f t h e a r t i f i c i a l 
f i e l d . Keeping I c o n s t a n t , t h e measurements o f i were t a k e n f o r 
v a r i o u s v a l u e s o f R as d e s c r i b e d b e f o r e (see T a b l e 5»4)• 
F i g . (5.6) shows t h e graphs o f ( r - l ) v e r s u s R f o r 
v a r i o u s v a l u e s o f I , f r o m w h i c h one can a g a i n f i n d t h e v a l u e s 
o f P and Q. The r e s u l t s a r e more o r l e s s s i m i l a r t o t h o s e 
o b t a i n e d f o r - a n a r t i f i c i a l f i e l d i . e . t h e i n c r e a s e o f I 
i n c r e a s e s P and decreases Q. 
5.7. C o n c l u s i o n s 
The f r a c t i o n o f t h e p o i n t d i s c h a r g e c u r r e n t i n a l i v i n g 
t r e e bypassed t h r o u g h a low r e s i s t a n c e g a l v a n o m e t e r seems t o 
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Table (5 .4) 
1 
R 
(M.Ohms) 
Ry-pass r.urrpnt i i n A-A f o r 
I = 12.63 16.48 20.34 46.04 318.46 
ID" 4 6.09 8.66 12.25 35.90 298.04 
0.1 4.54 6.60 9.17 25.62 213.23 
0.2 3.77 5.31 7.37 20.22 166.97 
0.3 3.16 4.54 6.34 17.14 138.40 
0.4 2.80 4.03 5.42 14.82 118.14 
0.5 2.49 3.52 4.80 12.77 102.72 
o.$ 2.21 3.18 4.29 11.23 92.44 
0.7 1.97 2.85 3.93 10.20 82.16 
0.8 1.79 2.59 3.52 9.43 74.45 
0.9 1.67 2.41 3.26 8.66 68.11 
1.0 1.54 2.23 3.00 7.88 62.88 
i n c r e a s e w i t h the t o t a l p o i n t - d i s c h a r g e c u r r e n t , q u i t e i n 
c o n t r a d i c t i o n to ETTE'S (1966b) r e s u l t s who found t h i s f r a c t i o n 
to be independent and f a i r l y c o n s t a n t over a s u f f i c i e n t l y long 
period; no marked d i f f e r e n c e i s observed whether the measurements 
are made of the instantaneous v a l u e s of c u r r e n t or the steady 
c u r r e n t i n an a r t i f i c i a l f i e l d ( D i r e c t Method). The same s o r t 
of r e s u l t s a r e observed w i t h a const a n t D.C. voltage ( i n d i r e c t 
method). T h i s divergence from ETTE'S r e s u l t s seems to be perhaps 
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due to the f a c t t h a t he made measurements only upto about 
15-20 JLX-A. 
One of the main drawbacks with the above c a l i b r a t i o n 
using e i t h e r the d i r e c t or the i n d i r e c t method i s due to 
r e s i d u a l c u r r e n t which not only depends upon the atmospheric 
c o n d i t i o n s but a l s o on the t o t a l c u r r e n t p a s s i n g through 
the t r e e . 
T h i s i n c r e a s e i n e f f i c i e n c y w i t h the i n c r e a s e i n the 
t o t a l c u r r e n t i s ex p l a i n e d due to the f a c t t h a t the impedance 
of the t r e e i n between the two e l e c t r o d e s i n c r e a s e s w h i l e the 
r e a c t a n c e of the c a p a c i t a n c e s of the bypassing c i r c u i t decrease 
as th£ t o t a l c u r r e n t i s i n c r e a s e d . 
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CHAPTER VI 
Anomalous P r o p e r t i e s of the Tree 
$.1 I n t r o d u c t i o n 
I t i s known t h a t dry wood e x h i b i t s e l e c t r i c a l phenomena 
a s s o c i a t e d w i t h d i e l e c t r i c m a t e r i a l s . I n the l i v i n g s t a t e , 
however, wood c o n t a i n s a v e r y l a r g e percentage of water 
i n v a r i o u s f i b r e s running through i t . T h i s water content 
a f f e c t s the e l e c t r i c a l p r o p e r t i e s c o n s i d e r a b l y and so does 
the e l e c t r o l y t i c a c t i o n of the other mineral compounds found 
i n wood. As a r e s u l t of the complex e l e c t r i c a l phenomena 
found i n wood l i t t l e q u a n t i t a t i v e information i s a v a i l a b l e . 
Dry wood i s e s s e n t i a l l y a non-conductor of d i r e c t c u r r e n t 
e l e c t r i c i t y and conducts only when moisture i s p r e s e n t . 
MURPHY (1929), DAVIDSON (1958) and s e v e r a l other 
i n v e s t i g a t o r s have found t h a t i n wood, i c e and some t e x t i l e s , 
the e l e c t r i c a l c o n d u c t i v i t y d e c r e a s e s as temperature ( o r 
humidity) decreases and i t i s an i o n i c process r a t h e r than 
the e l e c t r o n i c one i t i s i n the metals. MURPHY (1929), w h i l e 
making measurements w i t h c o t t o n found t h a t as the v o l t a g e 
d e c r e a s e s , the r e s i s t a n c e i n c r e a s e s ; t h i s e f f e c t was f i r s t 
demonstrated by EVERSHED (1914) f o r moisture absorbing 
d i e l e c t r i c s . 
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More r e c e n t l y CHALMERS (1964) found t h a t when a p o t e n t i a l 
i s a p p l i e d a c r o s s two e l e c t r o d e s i n a t r e e , a c u r r e n t flows 
and t h i s d ecreases w i t h time, r a p i d l y a t f i r s t and more s l o w l y 
a f t e r w a r d s . 
ETTE (1966a) s t u d i e d the d i s c h a r g e c u r v e s , a f t e r a 
t r e e had been charged upto a steady s t a t e and found t h a t the 
t r e e e x h i b i t s the behaviour of an anomalous d i e l e c t r i c and has 
a t l e a s t t h r e e measurable r e l a x a t i o n times of the order of 100, 
500 and 1000 s e c . 
The experimental i n v e s t i g a t i o n s reported here c o n s i s t e d 
i n measuring the r e s i s t a n c e of the t r e e as a f u n c t i o n of the 
a p p l i e d v o l t a g e and see how i t i s a f f e c t e d by the passage of 
c u r r e n t through the t r e e . 
6.2 R e s i d u a l Current of E.M.F. i n the Tree 
I n common wi t h other imperfect d i e l e c t r i c s the t r e e has 
the property of absorbing a r e s i d u a l change, which causes a 
r e s i d u a l c u r r e n t or e.m.f. T h i s causes a galvanometer d e f l e c t i o n 
i n the opposite d i r e c t i o n to t h a t which the a p p l i e d v o l t a g e 
would produce. By a d j u s t i n g the a p p l i e d e.m.f. the d e f l e c t i o n 
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can be brought to zero and the a p p l i e d e.m.f. as read from 
the voltmeter i s then equal to the r e s i d u a l e.m.f., the i n i t i a l 
v a l u e of which i s c a l l e d here as the e.m.f. of p o l a r i z a t i o n . 
I f a v o l t a g e which has been a p p l i e d to the t r e e , i s 
removed, and the t r e e i s connected to a galvanometer, i t i s 
found t h a t a c u r r e n t flows, the i n i t i a l v a l u e of which depends 
upon the a p p l i e d v o l t a g e . The c u r r e n t s t a r t s d e c r e a s i n g 
r a p i d l y a t f i r s t and more s l o w l y a f t e r w a r d s and e v e n t u a l l y the 
r a t e of decrease becomes so slow and even a f t e r s e v e r a l hours 
a c u r r e n t due to the r e s i d u a l e.m.f. can be detected. 
The chemical changes produced a t the electrodes by 
e l e c t r o l y s i s cause a d i f f e r e n c e of p o t e n t i a l which oppose 
the a p p l i e d e.m.f. These changes a r e of such a nature t h a t 
i n general they tend to remain a f t e r the a p p l i e d e.m.f. i s 
removed, producing a r e s i d u a l e.m.f. 
I f the d i r e c t i o n of the c u r r e n t through the t r e e i s 
r e v e r s e d , the r e s i d u a l e.m.f. produced by i t r e v e r s e s i t s s i g n 
during the d i s c h a r g i n g p r o c e s s , the f i r s t p a r t of the di s c h a r g e 
corresponding to the l a s t c u r r e n t and the l a s t p a r t to the f i r s t 
c u r r e n t . For example an e.m.f. of 200 v o l t s was a p p l i e d f o r 
4 minutes to the t r e e , t h i s was followed by 100 v o l t s a p p l i e d f o r 
2 minutes and f i n a l l y by - 100 v o l t s a p p l i e d f o r 
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2 minutes. The a p p l i e d e.m.f. was then removed and the 
r e s u l t a n t r e s i d u a l e.m.f. v a r i e d w i t h time i n the f o l l o w i n g 
way: 
Time ( s e c ) 0 15 30 45 60 120 
R e s i d u a l e.m.f. 42 12 0.7 -4 .4 -7 .0 -11.0 a r b i t r a r y 
u n i t s of d e f l e c t i o n . 
The galvanometer d e f l e c t i o n s f o r the f i r s t 30 s e c . correspond 
to the predominance of the r e s i d u a l e.m.f. produced by -100 
v o l t s and those f o r 45, 60, 120 s e c to predominance of t h a t 
produced by +100 and +200 v o l t s . 
The f o l l o w i n g i s a p o s s i b l e e x p l a n a t i o n f o r the above: 
S i n c e the products of e l e c t r o l y s i s presumably f i r s t make t h e i r 
appearance a t the e l e c t r o d e s u r f a c e s , i t i s probable t h a t , when 
the c u r r e n t d i r e c t i o n i s r e v e r s e d , the new products push the 
products of the f i r s t c u r r e n t away from the e l e c t r o d e as a 
l a y e r and t h a t t h e r e a r e then a t each e l e c t r o d e t\*o l a y e r s of 
e l e c t r o l y t e of d i f f e r e n t chemical composition, the one l a y e r 
being composed of anode products and the other of cathode 
products. The reason f o r the r e v e r s a l of the s i g n i s e v i d e n t 
i f the r e s i d u a l e.m.f. i s c h i e f l y due to the d i f f e r e n c e i n the 
chemical composition of the products formed a t the anode and the 
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cathode r e s p e c t i v e l y ; i f the process of the d i s c h a r g e 
i s the i n v e r s e of t h a t of charging; the l a y e r s move upto the 
e l e c t r o d e s u r f a c e s and become discharged ( i n the sense of 
being made in c a p a b l e on producing f u r t h e r c u r r e n t ) i n the 
i n v e r s e order to t h a t i n which they a r e formed* 
6.3 E f f e c t of C u r r e n t on the D i s t r i b u t i o n of R e s i s t a n c e i n the Tree 
I t i s a w e l l known f a c t t h a t the r e s i s t a n c e of a moisture 
absorbing d i e l e c t r i c changes w i t h time w h i l e the d i r e c t 
c u r r e n t i s flowing through i t . T h i s i s of c o n s i d e r a b l e 
importance i n the measurement of p o i n t - d i s c h a r g e through 
t r e e s , f o r t h e i r r e s i s t a n c e s may be changed by an a p p r e c i a b l e 
amount during the measurements. 
I f we apply a c e r t a i n c o n s t a n t D.C. v o l t a g e a c r o s s the 
two e l e c t r o d e s of a t r e e , the c u r r e n t flow I ( t ) d e c r e a s e s w i t h 
time t (reckoned from the i n s t a n t when the c i r c u i t i s c l o s e d ) . 
T h i s c u r r e n t c o n s i s t s of t h r e e k i n d s namely the charging 
c u r r e n t J ( t ) , a b s o r p t i o n c u r r e n t i g ^ * ^ a n ( * l&s^'iSi9e c u r r e n t 
i ^ . The equation f o r these i s : 
' ( t ) = i l U ) + i 2 ( t > + S 
where I / . \ t i , ( t ) and i„(t) v a r i e s w i t h time t and i i s 
V t ) X a 3 
independent of time. 
• I 
RESISTANCE VERSUS TIME OF CHARGING 
R7) 
FIG (61) 
Resistance K>5 
volts 
R<rv 
5 volte 
is IO 
Time (mlns) 
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When V, C and K are r e s p e c t i v e l y the impressed v o l t a g e , 
the c a p a c i t a n c e and r e s i s t a n c e of the t r e e between the e l e c t r o d e s 
the c u r r e n t i ^ ( t ) i s given as a f u n c t i o n of time t i n the 
f o l l o w i n g equation: 
X l ( t ) = R 
The c a p a c i t a n c e C and a c c o r d i n g l y the product R and C a r e so 
small t h a t the c u r r e n t i ^ ( t ) v a n i s h e s i n a s h o r t time. 
Therefore, = ^2^^ + "S 
A f t e r c l o s i n g a d i r e c t c u r r e n t c i r c u i t c o n t a i n i n g a 
Sycamore t r e e and constant v o l t a g e (0 .5 v o l t s or 5 v o l t s ) , the 
c u r r e n t flow l ( t ) was measured every one minute (see the t a b l e 
6 . 1 ) . The r e s u l t s a r e shown i n the f i g . (6 .1) i n which the 
change i n r e s i s t a n c e i n s t e a d of the c u r r e n t l ( t ) i s shown 
w i t h the symbol 0. I n g e n e r a l , i 0 ( t ) d e c r e a s e s w i t h time, 
i . e . the r e s i s t a n c e i n c r e a s e s ; i Q ( t ) d i s a p p e a r s i n a r e l a t i v e l y 
s h o r t time ( i . e . the c u r r e n t l ( t ) becomes equal to the cons t a n t 
c u r r e n t i ^ ) when the charging v o l t a g e i s higher (5 v o l t s ) . On 
the c o n t r a r y , i n the ca s e of low charging v o l t a g e (0 .5 v o l t s ) , 
the c u r r e n t i„(t) does c o n t i n u o u s l y decrease during the observing 
time namely 20 minutes. 
A f t e r the c u r r e n t flowed through the t r e e during 15 minutes, 
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Table (6 .1) 
0.5 v o l t s 5.0 v o l t s 
Time 
(Min). 
Normal 
(/*-A) 
Reverse Normal 
(y^A) 
Reverse 
( A A ) 
0 0.67 1,17 7.49 9.05 
1.0 0.48 0.87 6.63 7.96 
2.0 0.42 0.77 6.40 7.49 
3.0 0.38 0.69 6.24 7.18 
4.0 0.35 0.64 6.16 6.94 
5.0 0.33 0.61 6.08 6.71 
6 .0 0.31 0.57 6.01 6.59 
7.0 0.28 0.55 5.97 6.55 
8.0 0.27 0.54 5.93 6.47 
9.0 0.25 0.51 5.93 6.44 
10.0 0.23 0.49 5.89 6.40 
11.0 0.22 0.48 5.85 6.40 
13.0 0.20 0.45 5.85 6.32 
14.0 0.19 0.44 5.85 6.32 
15.0 0.18 0.43 5.85 6.32 
the c i r c u i t was opened f o r two minutes, then the d i r e c t i o n 
of the c u r r e n t was r e v e r s e d and immediately the c i r c u i t was 
c l o s e d . The changes of the r e v e r s e c u r r e n t are shown i n the 
f i g . (6 .1) w i t h symbol X. 
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F i n a l l y the experiment was repeated by using a constant 
c u r r e n t , i n s t e a d of a constant v o l t a g e and the changes of the 
vol t a g e drop were measured every one minute. The c i r c u i t 
was opened f o r two minutes, the d i r e c t i o n of the c u r r e n t was 
r e v e r s e d and immediately the c i r c u i t was c l o s e d . The same 
constant c u r r e n t a s i n the previous normal d i r e c t i o n was made 
to flow i n the opposite d i r e c t i o n . The r e s u l t s thus obfeined 
were s i m i l a r to those f o r a constant v o l t a g e . 
The i n c r e a s e of r e s i s t a n c e can be a t t r i b u t e d to one or 
more of the f o l l o w i n g phenomenons: 
(1) The formation of a high c o n t a c t r e s i s t a n c e between the e l e c t r o d e 
and the t r e e 
(2) The drying of the anode re g i o n by e l e c t r o s m o t i c movement of 
water away from i t 
(3) The drying of the t r e e by J o u l e ' s h e a t i n g 
(4) The formation of a back e.m.f. 
6.4 V a r i a t i o n of the R e s i s t a n c e of the Tree w i t h Applied E.M.F. 
EVERSHED (1914) demonstrated t h a t the i n s u l a t i o n r e s i s t a n c e 
of moisture absorbing d i e l e c t r i c s i s a f u n c t i o n of the a p p l i e d 
v o l t a g e . He proposed a theory to account f o r i t based upon the 
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r e d i s t r i b u t i o n of the absorbed moisture by the e l e c t r i c f i e l d . 
The present i n v e s t i g a t i o n was undertaken c h i e f l y to determine 
whether or not the r e s i s t a n c e of a l i v i n g t r e e i s a f f e c t e d 
by the a p p l i e d v o l t a g e . 
The r e s i s t a n c e of the t r e e i n d i r e c t c u r r e n t c i r c u i t 
was measured i n two ways: 
( l ) Instantaneous C u r r e n t Method 
I f we c l o s e a c i r c u i t c o n t a i n i n g a b a t t e r y and a galvanometer 
i n s e r i e s w i t h the t r e e , the needle w i l l swing and stand s t i l l 
f o r a w h i l e . A f t e r noting the reading of the galvanometer, the 
c i r c u i t i s opened a t once, the time r e q u i r e d to take t h i s 
r e a d i n g i s about 5 s e c . w i t h i n which the charging c u r r e n t would 
have a l r e a d y vanished, and t h i s c u r r e n t flow thus measured i s 
named here 1 Instantaneous C u r r e n t 1 . 
When the instantaneous c u r r e n t was measured about 10 
times a t i n t e r v a l s of one minute, the reading remained p r a c t i c a l l y 
the same each time. 
A f t e r the c u r r e n t had flowed f o r one minute, the c i r c u i t 
was opened and then the instantaneous c u r r e n t was measured every 
one minute. The readings were l i t t l e or not d i f f e r e n t . When 
8 n t 6) 
OJ 
to 
eg 
CD i i 2 e 8 
z 8 
CM CO 
to 
i n 
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s i m i l a r process was c a r r i e d on w i t h c u r r e n t flow f o r a 
longer time say 10 minutes, the v a l u e w h i l e the c u r r e n t p a s s i n g 
f o r 10 minutes decreased c o n s i d e r a b l y . The instantaneous c u r r e n t 
a f t e r the c i r c u i t was opened, g r a d u a l l y i n c r e a s e d w i t h time 
and a f t e r about s e v e r a l hours, i t became almost equal to 
i t s i n i t i a l v a l u e . 
Consequently the measurements of the r e s i s t a n c e of the 
t r e e i n d i r e c t c i r c u i t were performed by means of the 
instantaneous c u r r e n t . The t r e e , when a f f e c t e d by the c u r r e n t 
flow, was l e f t un-used u n t i l the i n f l u e n c e p e r f e c t l y v a n i s h e d . 
The instantaneous c u r r e n t s were measured as the a p p l i e d e.m.f. 
was i n c r e a s e d i n s t e p s from 1 to 200 v o l t s (see t a b l e 6 . 2 ) . 
F i g . (6 .2) shows the v a r i a t i o n of the r e s i s t a n c e v e r s u s the 
a p p l i e d e.m.f. and seems to be p r a c t i c a l l y constant over a wide 
range of v o l t a g e . 
Now i t i s e v i d e n t t h a t the c u r r e n t flow immediately 
a f t e r v o l t a g e a p p l i c a t i o n has two components 
(1) A t r u e d i r e c t c u r r e n t 
(2) A p o l a r i z a t i o n c u r r e n t which i s time dependent. 
I f the assumption i s made t h a t the p o l a r i z a t i o n component i s 
s m a l l i n comparison to t r u e d i r e c t c u r r e n t component, f l u c t u a t i o n s 
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Table (6.2) 
V o l t s Instantaneous Current 
( MA) 
Steady Cu r r e n t 
( A A ) 
1.0 1.85 0.81 
2.0 3.80 1.73 
3.0 5.76 2.79 
4.0 7.66 4 .15 
5.0 9.61 5.18 
7.5 14.49 8.77 
10 19.38 12.63 
12.5 24.26 16.48 
15 29.14 20.34 
20 39.04 28.82 
25 49.19 36.79 
30 58.60 46.04 
50 100.08 79.45 
100 200.31 161.69 
150 3 0 3.ll 243.93 
200 408.48 318.46 
300 614.08 
i n the p o l a r i z a t i o n c u r r e n t w i t h time do not a p p r e c i a t e l y 
change the t o t a l c u r r e n t flow. Thus measurements made 
immediately a f t e r v o l t a g e a p p l i c a t i o n give a good approximation 
of the d i r e c t c u r r e n t c o n d u c t i v i t y because t h i s component predominate. 
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Furthermore a minimum of e l e c t r o l y t i c products have accumulated 
near the e l e c t r o d e s . 
(2) Steady Current Method 
As d e s c r i b e d i n Chapter (V -5 ) a c e r t a i n constant D.C. 
vo l t a g e was a p p l i e d a c r o s s the two e l e c t r o d e s of the Sycamore 
t r e e , f o r about h a l f an hour or so t i l l the c u r r e n t became 
co n s t a n t . The time r e q u i r e d to r e a c h t h i s c o n s t a n t v a l u e 
was much s m a l l e r when the a p p l i e d v o l t a g e was h i g h e r . The 
reading of t h i s steady value of c u r r e n t was taken, as the 
a p p l i e d e.m.f. was i n c r e a s e d i n s t e p s from about 1-200 v o l t s , 
( see t a b l e 6 . 2 ) . 
I n t h i s c a s e the r e l a t i o n s h i p between v o l t a g e and c u r r e n t 
i s not o n l y governed by the r e s i s t a n c e of the c i r c u i t i . e . the 
t r e e , but a l s o by the r e s i s t a n c e s such as counter e l e c t r o m o t i v e 
f o r c e due to p o l a r i z a t i o n . 
The c h a r a c t e r i s t i c form of the r e s i s t a n c e v e r s u s a p p l i e d 
v o l t a g e curve i s i l l u s t r a t e d by the f i g . ( 6 . 2 ) . The r e s i s t a n c e 
of the t r e e a t lower v o l t a g e s i s not independent of the a p p l i e d 
e.m.f. but g e n e r a l l y f a l l s w i t h i n c r e a s i n g v o l t a g e . At h i g h e r 
e.in.f. than 50 v o l t s , the r e s i s t a n c e of the t r e e shows a constant 
v a l u e i . e . the p o l a r i z a t i o n e f f e c t becomes n e g l i g i b l e . 
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For applied e.m.f. of about l e s s than 1 or 2 v o l t s , 
the resistance i s abnormally high as compared with i t s value 
at higher voltages. This c h a r a c t e r i s t i c would be expected 
i f the tree conducts by the e l e c t r o l y s i s of the aqueous 
solutions which i t contains, for the resistance of an 
e l e c t r o l y t i c c e l l i s abnormally high for voltages of 
t h i s order i . e . l e s s than the decomposition potentials and 
over-voltages. When an e.m.f. of about 1 volt or l e s s i s applied 
to the tree, there i s r e l a t i v e l y a large i n i t i a l current which 
rapidly f a l l s to a small residual current; and when the 
applied e.m.f. i s increased, t h i s process i s repeated but the 
residual current i s larger. 
This behaviour i s q u a l i t a t i v e l y the same as that of an 
e l e c t r o l y t i c c e l l i n the same range of voltage. The form 
of the curve shown in the f i g . (6.2) could be predicted for 
voltages l e s s than 50 v o l t s , on the assumption that a tree 
in between the two electrodes acts as an e l e c t r o l y t i c c e l l 
which develops a back e.m.f. of polarization, so the 
enormously high value of resistance at low voltages may be 
due to the back e.m.f. of e l e c t r o l y t i c polarization which 
becomes negligible at high voltages* 
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6.5 Conclusion 
In general the resistance of the tree increases with the 
time of application of the voltage and reaches a saturation 
value rapidly for higher charging voltages. The behaviour 
of the resistance i n the reverse direction i s similar but 
here the values are s l i g h t l y smaller; the resistances i n the 
normal and reverse directions become almost equal for very 
large charging voltages. 
The measurements of the resistance of the tree by 
instantaneous current method shows that there i s no Evershed 
Eff e c t and so the measurements made immediately af t e r the 
application of the voltage should give a good approximation 
of the di r e c t current conductivity of the tree. 
F i n a l l y the measurements made with the steady current 
method show that the insulation resistance of the tree i s a 
decreasing function of the applied voltage. At low voltages 
the current-voltage curve for the tree c l o s e l y resembles that 
of an e l e d t r o l y t i c c e l l and i t i s concluded that for voltages 
lower than about 50 v o l t s the decrease of resistance with 
increasing voltage i s caused by the presence of a back e.m.f. 
of e l e c t r o l y t i c polarization in the tree. 
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CHAPTER V I I 
Point-Discharge Current and i t s Relation to Potential Gradient 
and Wind Speed 
7* 1 Introduction 
I t i s well known that the phenomenon of point-discharge 
i n atmospheric e l e c t r i c i t y , occurs at trees and other exposed 
points when the atmospheric potential gradient becomes 
s u f f i c i e n t l y great and t h i s plays an important part i n the 
transfer of negative charge to the earth during 
storms, to balance the a r r i v a l of positive charge during fine 
weather* 
WHIPPLE and SCRASE (1936) compared the point-discharge 
current through a single point with the simultaneous potential 
gradient at the earth's surface without taking into account 
the wind speed and found empirically a square law* CHIPLONKAR 
(1940), YRIBERRY (1954) and HUTCHINSON (1951) have found a general 
agreement with the above square law except the l a t t e r found 
'humps' and also a tendency towards f i r s t power law for 
high values of potential gradients. 
DAVIS & STANDRING (1947) were the f i r s t to show that the 
point-discharge current increases with wind speed but they 
did not give any general formula. 
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CHALMERS & MAPLESON (1955) used a captive balloon and 
made measurements of current I , wind speed V/ and f i e l d F and 
obtained the following relationship empirically: 
I = A( F h ) ? / \ W* (1) 
Adhere h = height of the point, F = pot. grad, at the ground. 
For an isolated point, they showed t h e o r e t i c a l l y that 
I = A. ( V ) a _ 1 ' ( W ) 3 " a U ) 
where V i s the potential difference between the point and 
i t s surroundings, W i s the wind speed, I i s the point discharge 
current, A i s a constant and Q, a number, not determined by 
the theory. 
For an earthed point at a height h i n a potential 
gradient F, V = Fh, i f the space charge i n the height h i s 
neglected. The relations (1) and (2) are the same i f QL i s 
chosen to be equal to 2.75* 
In order to distinguish between the different constants 
involved, they are here given different symbols from those 
used i n the ori g i n a l papers. 
86 
KIRKMAN & CHALMERS (1957) using an isolated point on a 
mast 27m and 34m high found a relationship of the form 
I B B jP > N) <w • k) (3) 
where B, M & k are constants* 
CHAPMAN (1956). has suggested, on theoretical grounds 
that the relationship between point discharge current, potential 
gradient and wind speed should be of the form! 
I B C (V - Vo)1r (4) 
where V i s the potential of the point, r e l a t i v e to i t s surrounding; 
Vc if-: the minimum value of the potential for startin g the 
discharge, v i s the v e l o c i t y with which the ions ore removed 
from the neighbourhood of the point and C i s a constant* 
For no wind, v- i s proportional to V, since the ions 
are moved away only by the f i e l d , 9 0 I e» C V (V • Vo) 
This i s quite s i m i l a r to the formula of WHIPPLE & SCRASE 
(1936) at high values of f i e l d . 
On the other hand for high wind, \r i s proportional to 
W, so 
I a C (V - Vo) » » Ch (F - Po) W 
which i s not f a r from r e l a t i o n (3)* 
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Chapman tested his formula by point to plane discharge 
in s t i l l a i r , by point discharge i n a wind tunnel and by 
measurements with a point on an a i r c r a f t , and found good 
agreement. 
CHALMERS (1957) re-analysed the r e s u l t s of MAELESON & 
KIRKMAN and found that by suitably choosing the constants, t h e i r 
r e s u l t s could be presented in a relationship very similar to 
that of CHAPMAN. In fa c t he suggested that Xr should be 
expressed as a vector sum of W and av, giving 
so that aV represents the ion veloci t y i n the f i e l d at right 
angle to wind speed W. 
LARGE & PIERCE (1957) applied a high potential to a 
point i n natural winds and found agreement with the expression (5)* 
CHALMERS (1962a) derived t h e o r e t i c a l l y an approximate 
formula, on ce r t a i n assumptions, between point discharge 
current, f i e l d and wind speed of the form 
v 2 ) 2 I = K(V-Vo)(W + a (5) 
2A arte (v-vo) (\r + V^F ) (6) 
where the symbols have the usual meanings. 
6 S ~ 
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MILNER & CHALMERS ( I 9 6 l ) found that the current from a 
point at tree-top height, agrees with the r e l a t i o n ( 3 ) i so 
that the formula of WHIPPLE & SCRASE (1936) i s not correct, 
even for points at such heights, when the wind i s taken 
into account. 
7.2 Experimental Arrangement 
The apparatus used was of the same form as described in 
Chapter I I I . A voltage upto about - 50KV was applied to a 
horizontal plate A from a Brandenburg power supply while a 
plate B, 5o0cm or 10cm away, was connected to earth (see 
f i g . 7 . l ) . The points used were a l l s t e e l needles with sharp 
points of minimum radius 0fi025cm. These needles were passed 
through glass tubes of radius 0.164cm, the lower ends of which 
were connected to rubber tubes from the compressed a i r tap, while 
the needles were soldered to wires, which were further connected 
to another plate C. The t i p s of the needles should be i n 
f l u s h with the upper ends of the glass tubes, since the speed 
of the wind decreases rapidly above them. 
Holes were d r i l l e d in B, so that the points along with the 
glass tubes should project through B. (see f i g . 7 . 2 ) . These 
points were arranged in the form of a hexagon, with one point 
i n the centre and the holes were d r i l l e d so that the hexagonal 
• 
FIGURE(7-2) 
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arrangements of different s i z e s could be used. The points 
projected 1cm above B and were a l l connected to the plate C 
and through a galvanometer to earth. 
7.5 Measurement of Wind Speed1 
Various methods were t r i e d to measure the flow of a i r . 
The disadvantage of an ordinary Gas Meter i s that i t can stand 
pressure difference only equal to about a few inches of water, 
so i t was quite unsuitable for the present purpose. The 
pressure drop along a Pi.tot tube can be used to measure the 
flow of a i r but i t was not found to be very successful because 
of i t s inaccuracy. 
F i n a l l y a s e r i e s 3000 Flowmeter Model IOA3567S was used. 
I t could measure a flow of 20-260 L i t r e s per minute, as detailed 
below:-
Temperature - 60 F 
Safe working pressure of the instrument 600 P.S.I.G. 
The flow was measured By the v i s u a l indication of a s t a i n l e s s 
s t e e l f l o a t (IGSVT - 69) on a calibrated l i n e a r s c a l e . I t had 
an accuracy of - 2%. 
-. 
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The diameter of the outlet of each glass tube was 0.328 cm 
(area of cross-section O.O85 sq.cm.) So with only a single 
point, a flow of about 25 litres/minute i s equivalent to a speed 
of 49 metres per sec. In the present investigation, a flow upto 
about 125 l i t r e s per minute ( i . e . 245 m/sec) was used. 
Moreover for a single point, the pressure from the 
laboratory compressed a i r tap was high enough to give the required 
flow. But for the seven points, a compressed a i r cylinder was 
used, in which case, the working pressure was adjusted to the 
required range by a regulator. The a i r flow was measured only 
in one tube, on the assumption that equal amounts of a i r flow 
in a l l the seven tubes. The detailed experimental arrangement 
i s shown itythe f i g . (7.3). 
7.4 Results 
F i r s t of a l l , the observations were taken with an arrangement 
of p a r a l l e l plates, spaced about 10cm apart, with the height of 
the point equal to 1cm. For a cer t a i n positive (or negative) 
voltage on the plate A, the point discharge currents induced i n the 
point were measured for various values of wind speeds. The process 
was repeated, as the potential on the upper plate A was increased 
in steps upto a maximum of about - 50KV. With the same set of 
experimental arrangement, the r e s u l t s were taken with seven points, 
as the distance d between them was varied from about 0.6 cm to 10 cm. 
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(see table 7.3 to 7*9). 
F i n a l l y the distance between the p a r a l l e l plates A and 
B was decreased from about 10cm to 5cm, keeping the r e s t 
of the apparatus undisturbed and the observations were again 
taken in the same way as described above (see table 7.1 and 7.2). 
Before taking any set of observations the points were polished 
with a piece of paper because after blowing a high wind across 
i t , the condition of the point changes. 
7*5 Preliminary Analysis of Results 
I f we assume that the r e l a t i o n (5) i s the best f i t to 
the r e s u l t s , we can write i t in the following form:-
I = K(V - Vo) (W + aV) (7) 
because in the present case, the wind and the f i e l d are^the 
same direction. 
For zero wind speed, the above r e l a t i o n becomes 
I = Ka V (V-Vo) (8) 
Now the graph of versus V should give values of Ka and 
Vo. I t was found in some cases that the calculated values of Vo 
was somewhat lower than the corresponding measured experimental 
value; which i s due to the fac t that the condition of the point 
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changes a f t e r blowing the high wind or af t e r inducing a high 
point-dis£harge current. This was l a t e r confirmed by taking 
measurements on a point without any wind, i n which case both 
the experimental and graphical values of Vo were nearly equal. 
So i n the f i n t i l analysis of results, t h i s graphical value of Vo 
was used i.e. i n the absence of wind, equation (8) was assumed 
to be the basic r e l a t i o n between point-discharge current and f i e l d . 
Now from the r e l a t i o n (7)» the graph of (V-Vo) versus tf 
i s a straight l i n e , from which one can f i n d the value of K and a. 
I t i s found that both K and a are not constant but depend upon 
the voltage; as the voltage increases, K decreases while a increases 
keeping the product Ka to be constant. 
Moreover the values of K and a are s l i g h t l y greater 
f o r 5cm than 10cm separation between the p a r a l l e l plates A and B. 
Fin a l l y the value of K i s greater f o r multiple points than a 
single point and increases as the separation between the points 
increases. 
7.6 Analysis of Results by Computer 
To derive a r e l a t i o n empirically, between the point-discharge 
current I , the voltage V between the point and i t s surroundings 
and the wind speed W, a method of multiple regression analysis 
I 
'A 
2 t SEP >W J V 
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i s used, the aim of which i s to obtain from the recorded data 
an equation of the form 
y = b + b x. + b v + - - - +b x o l l 2 2 n n 
where y i s the dependent variable, X^» X2 ~ ~ x n a r e * n e i n a e p e n f l e i v t 
variables and b..b - -b are the regression c o e f f i c i e n t s , b i s 1 2 n o 
that part of y which i s not explained by x's i n the equation. 
A programme LS 17 w r i t t e n by R.E.Day of the United 
Steel Companies Ltd., Hotherham, was used. The method of 
analysis employed i n t h i s programme i s that of BARNETT WOOLF 
(1951) . 
This programme i s designed to enable multiple regression 
analysis to be carried out on any number of variables upto 49 
on an E l l i o t t 803B Computer with automatic f l o a t i n g point u n i t 
and 4096 words of storage: (79 variables i s the l i m i t on a 
similar machine with 8192 words of storage). This binary tape 
can be entered at 4 0 0. 
In the present £ase, therewere three Variables, i.e. W.V and I . 
By w r i t i n g a small preliminary programme, variables V^ , VoV, 
I/(V-Vb) and IV/(V-Vo) were compiled. When t h i s data tape has 
been entered at 405, there i s automatically an output of mean, 
minimum, maximum and sigma f o r each variable. 
103 
The matrix of correlation c o e f f i c i e n t s may be obtained 
by either the key board i.e. enter 446 or the steering tape. 
Regression may be performed under complete control of the 
key board or by the steering tape. I t i s also possible to 
allow the analysis to be performed automatically, but i n the 
present case i t was undertaken by adding and removing independent 
variables as desired from the key board. 
The dependent variable must be added f i r s t i.e. enter 406 
with variable number (no.l i n the present case f o r W) on N 
buttons of the keyboard. The residual mean square and residual 
sum of squares w i l l be the output together with the degrees 
of freedom. Independent variables may be added ( i . e . enter 
407 with N = variable number) or removed ( i . e . enter 407 
tit 
with F = 05 and N = variable number) or the l a s t independent 
variable may be replaced by a new one ( i . e . enter 407 with F 
= 03 and N = new variable numbers). At each stage the 
regression equation i s output i n the form of i t s coefficients b Q, 
b^ - - b^ together with t h e i r standard errors and the moduli 
of the t - r a t i o . Thep„ercsntage of the o r i g i n a l sum of squares 
explained by the regression i s also given. 
Using the recorded data, the regression analysis was 
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carried out on the following equations:-
( 1 ) 1 = £i (V-Vo) (W + a ^ ) 
K2 
(2) I = V (V-Vo) (tf + a_V) 
(3 ) I = K3 (V-Vo) (W + a ?V) 
(4> I - ^ (v-Vo) [(W-Wo) + a / ] 
(5 ) 1 = (V-Vo) [-W + a V (V + Vo)J 
K6 
(6) I = K6 (F-M) (W + afi) = -g (V-Vo) (W + afi) 
where K1,K2 K6 and a.^ are a l l constants, of 
course of d i f f e r e n t magnitudes. 
H = Height of the point. 
V = Potential of the point w.r.t. i t s surroundings with Vo 
as i t s minimum values 
Wo = Minimum wind speed, at which corona current i s affected 
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Table ( 7 .10 ) 
SINGLE POINT 
Distance between the plates A and B 
5*0 cm 10.0 cm 
Constants Neaative Point +ve Point =ve Point + ve ^o i n t 
Kl 2.35xl0 - 8 2.00xl0"8 1.44xl0 - 8 1.51xl0'8 
K2 
Q 
5.69x10 2.I6xl0 - 8 1.54xl0"8 1.50xlO~8 
K3 0.54xlO _ A 1 -11 0.50x10 0.38x10"
11 0.38xlO - 1 1 
a i 5.8lxlO - 5 3.97xlO - 5 5.37xlO - 5 3.66xlO - 5 
S2 0.24 0.31 0.41 0.30 
a3 O.23 0.14 0.17 0.11 
SEVEN POINTS 
Distance 
between the 
Points i n 
Cm 
Kl K2 K3 a i a2 a 3 
0 .6 4.66x10* •8 4.69xlo" 8 1.15x10" 11 3.18x10" •5 O.27 O.09 
2.0 9.17x10" •8 8.59xlO - 8 2.29x10" 11 2.65x10" •5 0.24 0.11 
5-0 11.19x10" •8 D.83xl0" 8 2.83x10" 11 4.74x10" •5 0.40 0.19 
7.5 10.06x10' •8 8.9lxlo" 8 3.l5xio" 11 5.66x10" •5 0.48 0.18 
10.0 11.60x10" •8 I2.77xl0 - 8 2.91x10" 11 5.66x10" •5 0 .41 O.19 
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The above equations can be w r i t t e n i n the forms 
respectively. 
W " Kl (Wo* " a i ^ 
- L . ( _ i y _ ) . a v 
w = K2 V-Vo ' 2 
W = K3 V-Vo - a^ V 
1 IV 2 
w "TEE ( T v ^ > - V + W o 
W =-^- (—3^L_) _ a v 2 - a (VoV) K5 V-Vo 5 5 
,, _ H / I \ 
w _K6 v-Vo ; " a 6 
T - test showed that out of a l l the above equations, the order 
of the f i r s t three best f i t equations i s 
I = ~ (V-Vo) (W + a ^ ) (9 ) 
I = ~ (V-Vo) (W + a 2V) (10) 
I = K3 (V-Vo) (W + a^V) (11) 
Table (7 .10) shows the values of K l , K2, K3, a , a and a 
1 2 3 
f o r the single point as well as the multiple points, as evaluated 
by Computer. 
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7»7» Conclusion 
The results obtained with the experiments, described i n 
t h i s chapter has p r a c t i c a l l y no r e l a t i o n with any of the experiment 
done by the previous workers, may be perhaps the direc t i o n of the 
wind applied here i s p a r a l l e l to the point discharge current, 
quite d i f f e r e n t from the natural conditions where i t i s usually 
perpendicular* 
Moreover i f we assume the equation (8) to be the basic 
equation between the point-discharge current and f i e l d without 
any wind and revise i t by including the wind factor, so that 
i t remains i n an arrangement consistent with the former, the 
equations (9) and ( l l ) seem to be the choice. Preliminary 
analysis showed that i n equation ( l l ) (which i s the same as 
equation ( ? ) ) , both K3 and are not constants but depend upon 
V i n a way to be consistent with the equation (9)« So the 
conclusion i s that the equation (9) seems to be the best r e l a t i o n 
between the point-discharge current, v/ind speed and f i e l d . 
I t i s clear from the table (7.10) that the constant Kl i s 
s l i g h t l y greater f o r 3cm than f o r 10cm separation between the plate 
i n agreement with the results of Chapter I I . Also the constant 
Kl i s greater f o r multiple points than f o r a single point and 
increases as the separation between the points increases, again i n 
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agreement with the results of Chapter I I I . Moreover the 
constant a^ i s greater f o r 5cm than f o r 10cm separation between 
the plates and seems to be p r a c t i c a l l y the same f o r multiple 
points with a l i t t l e or no increase f o r greater separations 
between the points; the cause f o r t h i s behaviour i s not well 
understood, though i t i s l i k e l y to be t i e d up with the variations 
of K l . 
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CHAPTER V I I I 
Measurements of Point-Discharge Pulses 
§ . 1 Introduction 
The pioneering investigations of TRICHEL (1938) on 
point-discharge i n point to plane geometry have shown that 
f o r a negative point, the discharge current consists of regular 
pulses; the frequency of which, at moderate currents, increases 
i n proportion to the current, so that the quantity of charge 
per pulse remains nearly constant. 
LARGE & PIERCE (1955) showed that the current through 
a metal point i n the atmosphere below a thundercloud also 
consists of pulses. PIERCE, NADILE and McKINNON (1960) 
made comprehensive investigations i n the laboratory and found 
a continuous occurence of families of Trichel pulses. The 
pulses of each family are of uniform size but amplitude d i f f e r s 
from family to family. LOEB (1965) has reviewed the phenomenon, 
giving a more clear picture of the mechanism responsible f o r the 
pulses. 
For natural point discharge outdoors, CHALMERS and 
MAPLESON (1955) f i r s t and others l a t e r have found that an increase 
of wind speed increases the point discharge current. 
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Recently CHALMERS (1965) blew a i r nearly p a r a l l e l to 
the direction of the electron current from the point, with the 
results that the current increased while the r e p e t i t i o n 
frequency of the pulses decreased, which implies that the 
average charge per pulse must have increased* This enhancement 
of ionisation i n wind blown coronas has also been observed 
by NYGAARD (1966a). 
NYGAARD (1966b) found more recently that f o r a i r flow 
perpendicular to or a n t i - p a r a l l e l to the electron current, 
there occurs a very pronounced increase i n the average charge 
per pulse. On the other hand for winds blowing p a r a l l e l 
to the electron current, very l i t t l e increase i n charge per 
pulse occurs. 
8.2 Apparatus 
The apparatus used was of the same form as described i n 
Chapter V I I . The point used was a steel needle with sharp 
point of minimum radius 0.0025cm. The point discharge was 
induced i n the point by mounting i t i n an a r t i f i c i a l f i e l d 
between two p a r a l l e l plates, spaced about 5cm apart and the 
height of the point was adjusted to be equal to 1cm. The point-
discharge current was measured by connecting the point to earth 
I l l 
through a galvanometer. The pulse behaviour of the point-
discharge was studied by means of a cathode ray oscilloscope, 
which was connected i n series with the galvanometer and was 
shunted with a resistance of about 1850 Ohms, to reduce i t s 
time constant* 
An a i r stream from the laboratory compressed a i r supply 
was available to provide a wind, which could be kept f a i r l y 
constant f o r any par t i c u l a r observation and the rate of flow 
was measured by means of a f l o a t type flowmeter. I t xta.s 
arranged to be v e r t i c a l i.e. nearly along the dire c t i o n of the 
main electron current flow from the point. 
8.3 Results 
F i r s t the measurements were made without any wind. For 
di f f e r e n t voltages on the H.T. plate A, the point discharge 
currents through the microammeter were measured. When t h i s 
current exceeded about 3 or 4 A A, i t consisted of pulses 
regular enough to be recognised with the triggered time-base 
of the oscilloscope, and i t was possible to estimate the time 
intervals between the pulses, the i n i t i a l heights or emplitudes 
of the pulses on the oscilloscope. Assuming that the decay 
of the pulses are exponential, the time constants were also noted. 
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This experiment was repeated using d i f f e r e n t 
wind speeds and measurements were made of the corresponding 
values of point discharge currents, pulse intervals and 
amplitudes of pulses etc* table (8 .1) shows some of the 
results f o r d i f f e r e n t speeds and the charge per pulse i s 
calculated from the r a t i o of the average current and the 
corresponding frequency. 
8.4 Analysis of Results 
The frequency of the pulses was calculated from the 
pulse-interval and so the charge per pulse was found from 
the r a t i o of the average current as given by the galvanometer 
and the corresponding frequency of the pulses (Method I)o 
I f we assume that the pulses decay exponentially, we can 
also f i n d the charge per pulse Qg, by integrating the actual 
current over the time of decay (Method I I ) . 
Let 'A' be the i n i t i a l A.C. amplitude of the current, t 
be the pulse-interval and the time constant. Then 
t t/y- tA. dt = A C (1 Q A e 
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Fig. (8 .1) shows the v a r i a t i o n of current, voltage 
and charge per pulse (as evaluated by both the methods} against 
frequency. 
I t i s quite clear that the frequency of the pulses 
increases with the increase i n current, giving charge per 
-12 
pulse of the order of 26 x 10 C and i s dependent of the 
diameter of the discharging point. At very high currents, 
there i s a divergence from t h i s linear law, i n the sense 
that the frequency grows more rapidly than does the current 
and thus reducing the charge per pulse. This investigation 
i s quite i n agreement with the previous workers. 
The most interesting thing i s that the Q i s always 
less than Q^ ; the divergence i s more at high currents. The 
reasons are quite obvious, f i r s t l y because the point-discharge 
pulses are not quite exponential and secondly because the 
point-discharge current i s composed of both D.C. and A.C. 
cpmponents, the former i s not taken into account when making 
measurements with the oscilloscope. 
Fig. (8 .2) shows the v a r i a t i o n of Q versus the wind 
speed f o r various plate voltages. Since the wind was applied 
p a r a l l e l to the direction of the electron current, a very 
e 
high value was needed to get a noticable e f f e c t . As the wind 
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speed increases, the amplitude of the pulses increases, the 
frequency decreases, giving a corresponding increase i n charge 
per pulse. A similar type of plateau occurs at about 147 ro/s, 
as was observed by NYGAARD (1966b). 
Incidentally, the r a t i o of the quantity of charge per 
pulse with and without wind i s f a i r l y close to the r a t i o of the 
i n i t i a l amplitudes, so i t follows that the 'shape' of the pulse 
i s unaltered by the wind. 
The ef f e c t can be understood i f one considers the physical 
mechanism of Trichel pulses. I t i s generally agreed that (see 
LOEB (1952))the negative space-charge (probably o ions) produced 
i n the v i c i n i t y of the cathode point w i l l reduce the local e l e c t r i c 
f i e l d to such an extent that the discharge current w i l l be 
choked. When a i r i s blowing past the cathode, some of the 
negative ions w i l l be removed, thereby allowing a further growth 
of the current pulse, a new one can develop only when the negative 
ions have d r i f t e d s u f f i c i e n t l y f a r away from the cathode region. 
These ions can be d r i f t e d away by a comparatively low wind speed 
when i t i s blown a n t i - p a r a l l e l or perpendicular to the electron 
current. On the other hand a very high wind speed i s needed to 
blow them p a r a l l e l to the electron current. NYGAARD (1966b) 
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suggested that i t i s probably due to the fact that the region 
of the negative ion production i s very close to and i n the 
wake of the cathode t i p and w i l l , therefore, not be affected 
by small winds. This may be the reason why he could not 
observe any change i n the discharge parameters fo r low wind 
speeds. 
Another p o s s i b i l i t y as suggested by CHALMERS (1965) 
i s that the extra supply of a i r , w ith i t s accompanying ions, 
may help to provide more ions i n the pulse. With more charge 
i n the pulse, i t must take longer f o r the charge to clear 
away, but the wind assists i n clearing the charge, so that the 
increase i n the i n t e r v a l between the pulses i s not as great 
as the increase i n the charge per pulse. 
8 .5 . Conclusion 
The quantity of charge per pulse, as calculated by two 
methods, shows that Q (Method I I ) i s always less than Q 
(Method I ) ; the divergence i s more at high currents. The 
reasons fo r t h i s deviation are explained due to the f a c t that 
the point discharge pulses are not quite exponential and also 
the D.C. component of these pulses i s neglected while making 
measurements. 
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The study of the effect of winds upon the point-
discharge current pulses shows that when the wind i s applied 
p a r a l l e l to the electron current, the quantity of charge per 
pulse increases, l i n e a r l y at f i r s t and then reaches a 
saturation stage at about 147 m/sec; a very high wind i s 
needed jio get a noticable e f f e c t . The results are closely 
i n agreement with those of NYGAARD, who made measurements 
with the a i r flow perpendicular to or a n t i - p a r a l l e l to the 
electron current; he found the same type of plateau at about 
lOm/sec, very much smaller than the present investigations. 
The reason f o r t h i s divergence i s explained due to the fact 
that the region of negative ion production i s very much 
closer to the cathode t i p and will be affected only by large 
winds. 
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CHAPTER IX 
Suggestions f o r Further Work 
I t may be useful to compare point discharge currents 
from single and multiple points under natural atmospheric 
conditions at such places on the earth where point-discharge 
i s common, also to carry out further work with points of varying 
separation i n order to investigate the effects of wind-speed 
on the point-discharge currents through such arrays. 
As i t i s important, both from considerations of the 
transfer of charge between clouds and ground and i n connection 
with relations between p r e c i p i t a t i o n currents and point-discharge 
to be able to determine the true point discharge current 
density corresponding to the measured point discharge current 
through a part i c u l a r point, i t i s essential to work with 
trees because they form an important item i n the transfer of 
e l e c t r i c i t y . So f o r t h i s purpose i t i s recommended to use 
the cube law which has been v e r i f i e d experimentally under 
controlled conditions and has some theoretical support. Moreover 
i t would be advisable to include the eff e c t of the wind on the 
current through trees. 
I t might be interesting to study the Trichel pulses i n 
a tree, grown i n an insulated dustbin. I f i t i s confirmed 
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that the point discharge current occurs i n pulses and a convenient 
method i s designed to count them, a tree might act as the primary 
of a transformer wound on magnetic core round i t , the secondary 
current would then depend upon the changes i n the tree current. 
The pulses might then be amplified, measured and counted, the 
integration of which should give the t o t a l current. 
The point discharge ions from a tree produce an effect on 
the potential gradient at the ground more on the leeward than on 
the ? windward side. By comparison of values of potential gradient 
on either side, i t i s possible to deduce the point discharge 
current, knowing the wind speed. (See MAUND and CHALMERS ( I96O)) . 
An extension of the same to the measurements of space-charge down 
wind (as suggested by BENT, COLLINS, HUTCHINSON and CHALMERS (1965)) 
might be a very useful method to measure the t o t a l point discharge 
current down trees. Measurements of t h i s kind can be done 
on isolated trees of d i f f e r e n t shapes or a small wood, on a 
continuing basis and hence to f i n d the world-wide contribution 
of the t o t a l point discharge current. 
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